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I .  INTRODUCTION  ' 

This  report  is  a  part  of  a  study  for  the  Defense  Civil  Preparedness 
Agency  under  Work  Order  No.  DAHC  20-70-C-0310,  A#2;  Work  Unit  1123C, 

"Blast  Loading  in  Existing  Structures".  Results  are  presented  for  the 
blast  induced  loading  on  objects  inside  l/12th  scale  model  basement 
shelters.  The  work  assumes  that  the  external  blast  wave  will  destroy 
and  blow  away  the  above  ground  structure.  The  blast  wave  is  assumed 
then  to  enter  the  basement  shelter  through  open  stairways,  elevator 
shafts  and  other  openings  that  are  left. 

The  work  reported  here  is  a  continuation  of  that  reported  in  BRL 
Memorandum  Report  2208  (Ref.  1) .  The  BRL  24  inch  shock  tube  was 
modified,  since  that  work,  by  the  addition  of  a  longer  driver  section 
which  increased  the  duration  of  the  input  shock  wave  for  the  smaller 
model  experiments.  Also,  an  additional  model  was  built  for  use  with 
the  BRL  S.5  foot  shock  tube,  to  simulate  a  1000  shelteree  size  basement 
shelter.  Results  are  also  presented  for  this  larger  model. 


II.  EXPERI^!ENTS 

The  first  experiment  made  use  of  the  same  basement  model  (40  x  70  x 
8  inches)  as  used  for  the  experiments  reported  in  Ref.  1.  A  larger 
driver  section  (35  1/2  ft)  was  added  to  the  shock  tube.  The  added 
driver  length  increased  the  positive,  flat  duration  of  the  input  shock- 
waves.  As  in  the  earlier  experiments,  pressure  transducers  and  high 
speed  framing  cameras  were  used  to  record  the  pressures  and  object 
translation  within  the  basement  model. 

A  second  basement  model  was  built  to  simulate  a  1000  shelteree 
shelter.  This  larger  model  (70  x  144  x  8  inches)  was  constructed  to 
be  used  with  the  BRL  5.5  ft.  shock  tube  to  take  advantage  of  still 
greater  shock  wave  duration.  Input  pressure  of  5  and  10  psi  were  used 
to  create  the  internal  flows  within  the  basement  models  which  in  turn, 
caused  the  objects  to  translate.  Pressure-time  records  of  input  shock 
waveforms  and  pressure  fill  records  were  taken  and  high  speed  16  nn 
cameras  (2000-3000  pps)  recorded  the  motiem  of  nylon  cylinders  placed 
within  the  models  prior  to  shock  wave  exposure. 


III.  RESULTS  AND  CWCLUSIONS 

A  summary  of  the  shots  is  given  in  the  appendixes  of  this  report 
along  with  pertinent  data  for  the  shots.  Velocity  field  predictions  ;  r 

for  the  interior  air  flow  induced  by  an  input  shodewave  are  given  by 
the  RIPPLE  code. 

Some  pertinent  results  are  s  immarized  for  the  two  sets  of 
experiments . 
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A.  Model  40  -  Single  Closed  Stairway 


1.  Nylon  cylinders  caught  in  the  incoaing  jet* like  flow  froa 
the  stair  entrance  were  translated  away  fron  the  entrance  and  toward 
the  left  rear  area  of  the  model.  The  translation  speed  of  the  cylinders 
varied  from  a  few  ft/sec  for  the  5  psi  input  to  about  36  ft/sec  for  the 
input  of  20  psi. 

2.  Cylinders  positioned  outside  the  jet-flow  limits  were  caught 
at  later  rimes  into  the  long-term  rotation  of  the  internal  flow.  These 
observed  speeds  of  cylinder  translation  were  less  than  5  ft/sec. 

3.  The  cylinders,  when  caught  in  the  high  speed  jet-flow,  rotated, 
if  airborne,  as  they  were  translated.  For  example,  rotations  of  36 
rotati<ms/sec  were  measured  for  the  20  psi  shock  wave  input. 

B.  Model  42  -  Stairway  and  Elevator  Shaft 

1.  Cylinders  placed  in  the  center  of  the  incoming  flow  from 

the  stairway  were  translated  to  speeds  of  17  and  38  ft/sec  corresponding 
to  input  pressures  of  S  and  10  psi. 

2.  Cylinders  near  center  of  room  showed  only  slight  motion. 

3.  The  general  pattern  of  motion  for  all  cylinders  was  similar 
to  that  of  Model  40,  clockwise  around  the  model  from  the  entrances. 

4.  Generally  translaticmal  speeds  of  the  cylinder  were  higher, 
proportional  to  the  six-time  V/A  increase  for  Model  42  over  Model  40, 

C.  Predictions  for  Full  Size  Shelters 


Fill-time  predictions  of  cylinder  motion  for  a  variety  of  basement 
shelter  are  shown  as  a  function  of  their  voliime  to  entrance  area  ratio. 
The  flow  parameters  from  these  predicti(ms  are  used  to  predict  maximum 
translational  speeds  for  cylinders  calculated  for  each  of  the  different 
basosent  sizes.  In  all  cases,  the  cylinders  were  assumed  to  remain  in 
tite  center  and  in  a  maximum  flow  region.  Friction  from  the  floor  and 
the  effect  of  gravity  are  neglected. 
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ABSTRACT 

Experinental  results  obtained  fro«  loading  two  l/12th  i  ’e  basement 
shelter  models  are  given  for  80  and  1000  shelteree  size  sheltt  The 
models  were  exposed  to  shock  waves  in  the  5  to  20  psi  overpressure  range. 
Computer  program  pi'edictions  of  air  speeds  and  pressure  filling  are 
compared  to  the  measured  motion  of  nylon  cylinders  placed  within  the 
shelter  models. 
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I.  INTRODUCTION 


The  work  being  reported  is  a  part  of  a  study  for  the  Defense  Civil 
Preparednei-s  Agency  tmder  Work  Order  No.  DAHC  20-70-C-0310,  A#2;  Work 
Unit  1123C,  “Blast  Loading  in  Existing  Structures'*.  Results  are 
presented  for  the  loading  experienced  by  objects  in  a  nodel  baseaent 
shelter  when  exposed  to  shock  waves  entering  the  rooa.  The  work  assuaes 
that  an  external  blast  wave  will  destroy  and  reaove  that  portion  of  the 
structure  above  ground.  The  blast  wave  is  then  assuaed  to  enter  the 
basosent  through  the  open  stairways,  elevator  shafts,  and  reaaining 
openings . 

The  woiic  reported  here  is  a  continuation  of  that  reported  in  BRL 
Hecorandua  Report  220B  (Ref.  1).  A  longer  driven  section  has  since 
been  added  to  the  BRL  24-inch  shock  tube  which  has  increased  the  duration 
of  the  input  shock  wave.  This  has  allowed  the  aaaller  aodel  to  be 
exposed  to  another  set  of  input  conditions  for  longer  fill  tiaes.  A 
larger  basoMnt  uK>del  representing  a  1000  shelteree  shelter  was  built 
for  use  on  the  BRL  5.5-foot  shock  tid)e.  Results  are  presented  for 
this  aodel  and  coflq)ared  to  those  obtained  for  the  smaller  (80  shelteree) 
basement  iwxlel  exposed  at  the  24-indi  shock  tid>e. 


II.  EXPERIMENTS 

The  experiments  are  reported  in  two  parts.  Part  A  which  concerns 
the  wozk  dene  with  a  basement  model  exposed  to  shock  waves  froa  the 
24-inch  shock  tube,  and  Part  B  which  reports  the  e3q>eriaents  with  a 
larger  aodel  at  the  5.5-foot  shock  tube. 

A.  Basement  Model  40-24  ind)  Shock  Tube 


Model  40  measured  20  x  40  x  S  inches  in  size  and  simulated 
a  l/12th  scale  basement  shelter  capable  of  holding  about  80  shelterees 
at  10  feet^/person.  The  model  was  designed  with  a  single  closed 
stairway  with  an  opening  of  4.75  x  8  indies.  The  model  voluae  to 
entrance  area  ratio,  V/A,  was  i^roxiaately  14  feet. 

The  instrumentation  included  Susquehanna  Instrument  ST-2 
pressure  transducers  cotqiled  with  Kistler  Nodel  566  diarge  amplifiers 
to  Textronix  502 -A  oscilloscopes.  These  were  used  to  measure  the  input 
shock  overpressure  and  also  the  model's  interior  fill  pressure.  Fastex 
16  mm  framing  cameras  running  at  2000-3000  pps  were  used  to  record  the 
motion  of  nylon  cylinders  (1.28"  dia  x  1.83“  hi^,  wei^t  1.56  oz.) 
eiqiosed  to  the  shock-creat^  internal  flows.  Figures  1  and  2  show 
the  motel  attached  to  the  24-inch  shock  cube  and  a  schematic  of  the 
floor  grid  where  the  cylinders  were  placed. 
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H  OlV  SHOCK  TUBE 


Figure  1.  l/i2th  Scale  Basement  Model-24  inch  Shock  Tube 


Figure  2.  Floor  Plan  for  C)rlinder  Experiaents 


The  experimental  procedure  was  to  place  a  row  of  three  cylinders 
across  the  floor  of  the  model  and  allow  a  shock  wave  to  enter  the  model. 
A  series  of  5,  10  and  20  psi  input  waves  was  used  for  the  cylinders 
placed  at  the  different  rojr.s  shown.  During  the  shot  time,  the  moticm 
of  the  cylinders  was  recorded  by  cameras  placed  at  the  end  and  the  side. 
Photographs  of  the  cylinders'  motion  and  tables  of  average  translational 
velocities  are  given  in  the  Results  Section,  Part  A. 

B.  Basement  Model  42-5.5  Foot  Shock  Tube 


A  larger  basement  model,  also  l/12th  scale,  with  a  size  of  70  x 
144  X  8  inches  was  built  and  attached  to  the  5.5  foot  shock  tiAe.  An 
elevator-staiirway  entrance  combination  was  built  at  the  shock  tube 
end  for  entrances  into  the  model.  Figures  3-5  describe  the  model. 

The  size  war  chosen  to  approximate  a  full  size  shelter  with  space 
for  1000  shelterees  at  10  ft^/person.  The  shelter  volume  to  total 
entrance  area  ratio  was  about  SS  feet. 

The  instrumentation  was  similar  to  that  used  earlier  except  that 
longer  time  response  was  needed  for  the  several  hundred  milliseconds 
duration  shock  waves.  Accordingly,  strain  gage  type  transducers 
manufactured  by  Bytrex  (Series  HFG)  and  CEC  (Type  4-312)  were  used 
instead  of  the  ST-2  transducer.  Also,  a  multichannel  oscillograph 
recorder  was  used  with  CEC  System  D  amplifiers  for  the  strain  trans¬ 
ducers  outputs. 

The  camera  system  was  enlarged  by  one  camera  and  mostly  were 
used  at  the  side  position.  Additional  DXC  500  watt  photoflood  lamps 
were  needed  for  a  total  of  fourteen  laiq>s.  The  framing  rate  was 
again  held  between  2000  and  3000  pps. 

A  pressure  range  of  5  and  10  psi  input  shock  waves  was  used  and 
the  motion  of  the  nylon  cylinders  observed.  Since  the  basement  model 
was  large,  twenty  cylinders  were  used  inside  of  three  as  before.  The 
results  of  these  experiments  are  given  in  the  Results  Section,  Part  B. 


III.  RESULTS 

The  results  are  presented  in  two  parts.  Part  A  describes  the 
results  obtained  from  Model  40  and  Part  B  the  results  from  Model  42. 

A.  Model  40-80  Shelteree  Size 


A  suirmary  of  the  shots  to  which  model  40  was  ejqiosed  is  given  in 
^pendix  A,  Table  A-I.  A  representative  set  of  pressure-time  records 
obtained  from  the  input  transducer  located  41  indies  upstream  of  model 
entrance  and  the  interior  transducer,  located  flush  in  the  cotter  of 
floor,  are  shown  in  Fig.  6.  Ihe  input  shockwave  has  an  approximately 
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SHOCK  TUBE 


lA)  MODEL  42  INSTALLED  ON  5.5FT  SHOCK  TUBE 


(8)  INTENION  VIEW  OF  MODEL  42 

Figure  4.  niotogr^hs  of  Model  42 
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Pressure*Time  Records-Modei  40 


flat  portion  of  about  45  nsec.  long.  The  slight  dip  at  about  10  nsec 
is  caused  by  the  filling  rarifaction  wave  moving  tqpstreaa  fron  the  model. 

At  all  three  input  pressure  levels  the  model  was  completely  filled 
with  pressure  to  the  value  of  the  outside  shock  pressure.  Predictions 
have  been  made  in  Ref.  2,  3  and  4  that  incoming  air  flow  from  the 
entrance  is  jet-like  and  attains  a  speed  of  several  hundred  feet/sec 
near  the  entrance.  Other  areas  may  maintain  the  order  of  50-100  ft/sec 
for  times  several  times  the  amount  of  the  filling  time.  These 
predictions  are  cor^ared  with  the  experimental  results  later*  in 
Section  IV. 

The  purpose  of  the  high  speed  photogr^hy  was  to  record  the  effect 
of  these  interior  flows  tqion  the  cylinf*.ers  placed  in  various  locations 
inside  the  model.  Figures  7  and  8  show  some  of  this  motion  as  recorded 
by  the  Faster  cameras  at  the  end  and  side  of  Model  40.  Additional 
pictures  are  given  in  Appendix  B.  The  motion  is  summarized  in  Table 
I  as  a  function  of  cylinder  location  and  input  shock  overpressure.  In 
all  shots  the  cylinders  were  arranged  from  left  ts  right  "A",  "B",  and 
"C*.  This  placed  "C"  near  the  entrance,  exposed  to  the  hi{diest  air 
flow  sfeeds. 

B.  Model  42-1000  Shelt.eree  Size 

The  shot  series  for  Model  42  is  given  in  ^endix  A,  Table  A-II. 
Tj'pical  records  for  the  input  shock  waves  for  the  shot  series  and  the 
related  filling  pressure  records  are  shown  in  Fig.  y.  The  input 
shock  wave  is  seen  to  have  a  flat  portion  ot  180-19P  milliseconds 
duration.  This  is  more  than  enough  time  for  the  filling  curve  to 
reach  the  input  shockwave  pressure  at  100-150  milliseconds. 

Piiotographs  of  the  motion  of  the  cylinders  as  they  are  affected 
by  the  shock  created  internal  air  flow  are  shown  in  Fig.  10-12.  As 
in  the  smaller  Model  40,  the  cylinders  placed  in  the  incoming  high 
speed  flow  frran  the  stairway  were  translated  at  speeds  of  17  and  38 
ft/sec  for  inputs  of  5  and  10  psi.  Other  cylinders  out  of  the  main 
flow  and  near  the  center  of  the  floor,  moved  only  a  slight  amount. 
Generally,  the  observed  pattern  of  moticm  for  the  cylinders  was  quite 
similar  to  that  of  Model  40.  The  main  difference  of  greater  maximum 
translational  speeds  for  the  cylinders  can  be  attributed  to  the  increased 
filling  time  for  Model  42  as  indicated  by  a  V/A  of  about  six  times  that 
of  Model  40.  Table  II  stanuurizes  the  data  from  Model  42. 
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SHOT  576 


Figure  7.  End  View,  Cylinders  on  Row  3-Ps  ■  20.1  psi 


shot  576 


FRAME  NUMBER  TIME.  MSEC 


Figure  7.  Continued 


Ttble  I.  Suunmary  of  Motion  of  Cylinders -Model  40 
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SHOT  5-73-7 
CAMERA  I 


FRAME  NUMBER  TIME.  MSEC  FRAME  NUMBER' 


103  58  183 


Figi’re  10.  Camera  I,  2-ft  Row,  Model  42 


SHOT  5-73-7 
CAMERA  2 


FRAME  NUMBER  TIME.  MSEC  F^A ME  NUMBER  TIME. MSEC 


•5  83.7 


Figure  11.  Camera  2,  6-ft  Row,  Model  42 
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Table  II.  Summary  of  Motion  of  Cylinders -Model  42 
Input  Pressure  5  psi 
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IV.  C05«>irrER  CODE  PREDICTIONS 

Three  types  of  predictions  were  made  with  the  help  of  cwaputer  codes 
(1)  Prediction  of  interior  filling  of  the  models  with  pressure,  as  a 
function  of  time,  were  made  with  the  BRL  Filling  Code,  Ref.l.  (2)  TVfo- 
dimensional  hydrodynamic  code  predictions  of  the  interior  flows  were  made 
for  Models  40  and  42,  for  an  input  of  10  psi,  with  the  RIPPLE  Code,  Ref- 
2.  (3)  Translation  calculations  were  made  for  cylinders  by  making  use 

of  the  flow  parameters  obtained  from  Filling  Code  predictions. 

A.  Fill -Time  Predictions 

Interior  pressure  filling  predictions  for  Model  40  are  shown  as 
Table  III  for  5,  10  and  20  psi  input  shock  pressures.  The  pressure 
filling  from  the  table  are  plotted  as  function  of  time  in  Fig.  13-15. 
They  are  plotted  as  solid  lines,  the  iiqiut  pressures  as  dotted  lines  and 
some  "X's"  for  experimental  points.  There  is  some  scatter  in  the  data 
caused  by  peak  reflecticms  of  the  internal  shock  waves.  Also,  the  stairs 
have  been  neglected  as  a  correction  to  the  total  room  volume  and  was 
neglected  as  a  source  of  possible  choking  of  the  entrance  flow.  Similar 
predictions  for  Model  42  are  given  in  Table  IV  and  F^g.  16  and  17. 

B.  RIPPLE  Code  Flow  Predictions 

RIPPLE  Code  predictions  of  shock  induced  internal  flow  for  a  10 
psi  input  were  made  for  Models  40  and  42.  An  example  for  Model  40  is 
shown  in  Fig.  18  for  a  time  of  about  S  msec.  The  time  was  chosen  to 
start  when  the  input  shock  wave  entered  the  room  from  the  entryway.  The 
vector  scale  is  shown  at  the  bottom  of  the  figure.  A  wide  range  of  flow 
speeds  exist  at  this  time.  Flows  vary  from  a  maximum  of  650-750  ft/sec 
at  the  entryway  comer,  to  200ft/sec  near  center  of  xtxmi,  to  50-100 
feet  near  vortex,  and  to  less  than  20  ft/s«c  in  the  comers  of  the  room. 
Althou^  the  RIPPI£  Code  is  two-dimensional,  it  does  seem  to  describe 
sufficiently  well  the  actual  three-dimensional  ro<a.  A  set  of  figures 
for  Model  40  (two  dimension)  are  given  in  Appendix  D  for  flows  at  other 
times  of  interest. 

A  similar  example  of  a  flow  field  for  Model  42  is  shown  in  Fig.  19. 
The  t«fO  entrances  are  seen  to  modify  the  flow  field  somewhat.  The  vortex 
location  is  displaced  but  the  overall  flow  pattern  for  Model  42  resembles 
that  of  Model  40.  The  predicted  ranges  of  flow  speeds  for  the  10  psi 
input  pressure  are  from  6OO-8O1'  ft/sec  near  the  entrance,  100-150  ft/sec 
across  center  of  room,  and  100  ft/sec  near  vortex.  The  set  of  flow  charts 
are  found  in  ^ipendix  E. 

C.  Translation  Calculations  for  Cylinders 

Predictions  translation,  velocity  and  acceleration  for  a  nylon 
cylinder  placed  directly  in  the  path  of  the  incoming  high  speed  flow 
were  made  for  each  of  the  two  basement  models.  The  simplified  calculat¬ 
ions  for  the  parameters  as  a  function  of  time,  measured  from  diffracted 
shock  arrival  at  the  cylinders  position,  were  made  with  a  programable 
desk  calculator. 
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Table  III.  Fill  Paraaeters  for  Model  40 


areai 

0t264E  03 

TIME 

SECONDS 

0..200E>02 

0.400E-02 

0.600E-02 

0*800E>02 

O.lOOC-Ol 

0,120f-01 

O.l^OE-Ol 

0;i60£>01 

0ll80E-C'l 

0.200E-0.\ 

0.220C>31 

Oi2«OE-Ol 

0*260E*01 

0.28Uf>01 

0*300E'31 

0i32OE“0l 

0.340E-01 

0«360E'3I 

0.380E-31 

0.400E-01 

0.420E'01 

0.4408-01 

0.460E-01 

0»480E-01 

0.500E-0k 

04S20E-01 

0,'^40E-3I 

0.560E-01 

0.580E-0i 

0.600E-31 

0.620E-01 

Oi 6408-01 

0.66CE-01 

0.680E-31 

0..700E-01 

0i720£-0l 

0, 740E-0i 

0i760E-01 

0.7802-01 

0.800E-01 

0.a20E-0i 

0.840E-01 

O486OE— 01 

0i880E-0l 

0. 9008-01 

Ok 9208-01 

0k940E-01 

Ok960E-01 

019808-01 

Ok  1008  00 

Ok  1028  00 

0.104E  00 


VOLUME 

0.370400E  01 

PRESSURE 

PSI 

0.I10568E  01 
0.208339E  01 
0.294322E  01 
0.367233E  01 
0.423S18E  01 
0.461982E  01 
0.484458E  01 
0.49S154E  01 
0.485214E  01 
0.490990E  01 
w.47f263E  01 
0'494990E  01 
0.502270E  01 
0.491857E  01 
0.4v9360E  01 
0.489795E  01 
>0.507159E  01 
O.S08407E  01 
0.  51224 7E  01 
0.500773E  01 
0. 5103918  01 
0.4\'9112E  01 
0.511802E  01 
0.499080E  01 
0.5021378  01 
a.481850E  01 
0.461616E  01 
0.440487E  01 
0.4178598  01 
0.3943ieE  01 
0.370350E  01 
0.346172E  01 
0.321891E  01 
0.298205E  01 
0.2755878  01 
0.2536258  01 
0.2320068  01 
0.2105658  01 
0.1892188  01 
0.1679228  01 
0.1466558  01 
0.1259728  01 
0.1064698  01 
0.8788328  00 
0.6975968  00 
0.5585358  00 
0.5811848  00 
0.4953458  00 
0.5611718  00 
0.4550068  00 
0.5100278  00 
0.4059238  00 


40 

Shot  569  5psi 

PRESSURE 

0.200000E-02  0.1450008  02 


OeN3 

UE-S2/F4 

0.249548E-02 

0.2641958-02 

0.2770668-02 

0.287980E-02 

0.296420E-02 

0.3021988-02 

0.305574E-02 

0.3071798-02 

0.3056108-02 

0.3064778-02 

0.304470E-02 

0.306978E-02 

0.3C8069E-02 

0.3064268-02 

0.3075518-02 

0.3060428-02 

0.308643E-02 

0.3088308-02 

0.3094058-02 

0.307596E-C2 

0.309036E-02 

0.3072588-02 

0.3091588-02 

0.3071538-02 

0.3076118-02 

0.3044148-02 

0.3012268-02 

0.2978978-02 

0.294331E-02 

0.2906218-02 

0.2868458-02 

0.283035E-C2 

0,2792098-02 

0.2754768-02 

0.2719128-02 

0.2604518-02 

0.2650458-02 

0.2616668-02 

0.2583038-02 

0.2549478-02 

0.2515968-02 

0.2483368-02 

0.2452638-02 

0.2423348-02 

0.2394798-02 

0.2372878-02 

0.2336538-02 

0.2363008-02 

0.2373A38-02 

0.2356908-02 

0.2367068-02 

0.2349418-02 


0.4909C1E  03 
0.412297E  03 
0.3469338  03 
0.283722E  03 
0.2130948  P3 
0.142729E  C3 
0.822119E  02 
0.387624E  02 
-0.3590558  02 
0.2093298  C2 
-0.4604358  02 
0.6067858  02 
0.2624988  02 
-0.374784E  02 
0.2709438  02 
-0.3447128  02 
0.6268468  02 
0.4471768  01 
0.1375508  02 
-0.4110278  02 
0.3456598  02 
-0.4043928  02 
0.4563068  02 
-0.4560488  02 
0.1099948  02 
-0.7337348  02 
-0.7395588  02 
-0.781034E  C2 
-0.8468728  C2 
-0.8925258  02 
-0.9209038  02 
-0.9416028  02 
-0.9587178  02 
-0.9477768  02 
-0.9167278  02 
-0.9015048  02 
-0.8987908  02 
-0.9029248  02 
-0.9107468  02 
-0.9206038  02 
-0.9316528  C2 
-0.9178588  02 
-G.876121E  02 
-0.8448118  02 
-0.8335848  02 
-0.6451018  02 
0.1055068  02 
-0.4000578  02 
0.3078078  02 
-0.4959538  02 
0.2954938  02 
-0.5253938  02 


DENSITY 

0.2937008-02 


0.1978668  01 

0.1470978  01 

0.106774E  01 

0.754226E  00 

0.438089E  00 

0.200a64E  00 

0.676167E-01 

0. 1515768-01 

0. 1372938-01 

0.4421708-02 

0.2250278-01 

0.3705845-01 

0.697826E-02 

0. 1499988-01 

0.7425938-02 

0.1267128-01 

0.3971 79E-01 

0. 2034168-03 

0.1925538-02 

0.1811318-01 

0.1212588-01 

C. 1751338-01 

0.2111858-01 

0.2227038-01 

0.1227128-02 

0.5713438-01 

0.5743598-01 

0.6334088-01 

0.7355378-01 

0.8064448-01 

0.8472118-01 

0.8738218-01 

0.8935048-01 

0.8616328-01 

0.7958668-01 

0.7599418-01 

0.7458028-01 

0.7430618-01 

0.7462328-01 

0.7525118-01 

0.7604888-01 

0.7286508-01 

0.6558658-01 

0.6026598-01 

0.5796708-01 

0.3443268-01 

0.9389978-03 

0.1318138-01 

0.7968308-02 

0.2021258-01 

0.7329378-02 

0.2261268-01 
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Table  III.  Continued 


AREAl 

VOLUME 

Model  40  Shot  5^2 

TIME 

10  Dsi 

PRESSURE 

DENSITY 

0.264E  00 

0.370400E 

01 

0.200000E-02 

0.147000E 

02 

0.333800E-02 

TIME 

PRESSURE 

0EN3 

U2 

OPT 

SECONDS 

PS  I 

UE-S2/F4 

EPS 

PSI 

0k200e-02 

0. 175340E 

01 

0.2S6758E-02 

0.720838E 

03 

0.417152E  01 

O.AOOE>02 

0.34291 IE 

01 

0.279384E-02 

0.633425E 

03 

0.349113E  01 

OW600E-02 

0.49A615E 

01 

0.300133E-J2 

0.541952E 

C3 

0.273895E  01 

0*800E-02 

0.630456E 

01 

0.318247E-02 

0.446425E 

03 

0.196972E  01 

0*100E-01 

0.741T45E 

01 

0.333356E~02 

0.355257E 

03 

0.130742E  01 

0*t20£>Cl 

0.S32068E 

01 

0.349634E-02 

0.278258E 

03 

0.832226E  00 

0fcl40E>0l 

O.903745E 

01 

0.355376E-02 

0.214539E 

03 

0.509069E  00 

0*160E~01 

0.956032E 

01 

0.362480E>02 

0.153078E 

03 

0.264910E  00 

Oil80E>01 

0.987025E 

01 

0.366691E-02 

0.893267E 

02 

0.916711E-01 

Ok200E'01 

0.980S31E 

01 

0.365722E-02 

-0.185512E 

02 

0.438008E-02 

0i220E-0t 

0.996746E 

01 

0.368 195E-02 

0.S20R65E 

02 

0.313762E-01 

0.240E>01 

0.988922E 

01 

0.366730E-02 

-0.279389E 

02 

0.997056E-02 

0i260E-0I 

0.100929E 

02 

0.369492E-C2 

0.580403E 

02 

0.390S44E-01 

0.280E-01 

0.999089E 

01 

0.367971E-C2 

-0.289037E 

02 

0.107079E-01 

0.300E-01 

0.101906E 

02 

0.370677E-02 

0.S66746E 

02 

0.373480E-01 

0.320E>01 

0.100707E 

02 

0.36e890E-02 

>0.338546E 

02 

k‘'.l47324E-01 

0.340E>01 

0. 10270 IE 

02 

0.371 589E-02 

0.S640S8E 

02 

0.370798E-01 

0i360E>0l 

0. 10144 7E 

02 

0.369723E-02 

-0.352885E 

02 

0.160443E-01 

O.38OE>0t 

0. 103386E 

02 

0.372345E-02 

0.546831E 

02 

0.349239E-01 

Oi400E>01 

0.102030E 

02 

0.370328E-C2 

-0.380S70E 

02 

0.t86942E>01 

0.420E~01 

0.103972E 

02 

0.3729S2E-02 

0.546381E 

02 

0.349248E-01 

OU40E>0l 

0. 102468E 

02 

0.370717E-02 

-0.421212E 

82 

0.229292E-01 

0«460E>0t 

0. 102746E 

02 

0.371093E-02 

0.782096E 

01 

0.716487E-03 

0»480E>01 

0.997337E 

01 

0.366618E-C2 

-0.853004E 

02 

0.929922E-C1 

O.SOOE'Ol 

0.963494E 

01 

0.361S89E-02 

-0.972471E 

02 

0.119119E  00 

0.520E>01 

0.927031E 

01 

0.3S6171E-02 

>0.106450E 

03 

0.140484E  00 

0«540E>0I 

0.890988E 

01 

0.350819E>02 

-0.106833E 

03 

0.139365E  00 

0kS60E-0l 

0.8S8451E 

01 

0.345981E'02 

-0.977149E 

02 

0.n9072E  00 

0kS80E~01 

0.829426E 

01 

0.341668E-02 

-0.B82143E 

02 

0.926719E-0I 

0.600E-01 

0.800665E 

01 

0.337395E-02 

-0.885162E 

02 

0.921 388E--01 

0.620E-Ot 

0.770644E 

01 

0.332934E-02 

-0.9366S1E 

02 

0.101774E  00 

0k640E~0l 

0.740042E 

01 

0.326387E'02 

-0.968219E 

02 

0.107241E  00 

0*660E>01 

0.709159E 

01 

0.323798E-02 

•0.991116E 

02 

0.110T83E  00 

0.680E>01 

0.678144E 

01 

0.319189E-'02 

-0.100986E 

03 

0.113358E  00 

Ofc7O0E-0l 

0.648111E 

01 

0.314727E-02 

•0.991614E 

02 

0.107788E  00 

0*720E-01 

0.619688E 

01 

0.310S03E-02 

-0.950948E 

02 

0.978274E-01 

Oi740E-01 

0.S92124E 

01 

0.306408E-02 

-0.934433E 

02 

0.932233E-01 

0.760E>01 

0.565000E 

01 

0.302377E'02 

-0.931751E 

02 

0.914715E-01 

0i780e-0l 

0.938099E 

01 

0.290380E-02 

-0.936493E 

02 

0.911804E-01 

0i800E-01 

0.511631E 

01 

0.29444TE-02 

-0.933696E 

02 

0.894437E>01 

0»S20E>01 

0.485740E 

01 

0.290600E>02 

-0.925391E 

02 

0.867163E>01 

0»840E-01 

0.460176E 

01 

0.286802E>02 

-0.925809E 

02 

0.856599E-01 

0i860E-0l 

0.434778E 

01 

0.283028E-02 

-0.932135E 

02 

0.856884E-01 

0»880E'0l 

0.409464E 

01 

0.279267E'02 

-0.941573E 

02 

0.862651E-01 

0*900E>01 

0.384197E 

01 

0.279512E-0? 

-0.952723E 

02 

0.871262E-01 

0i920E>0l 

0.399739E 

01 

0.271878E>02 

-0.934452E 

02 

0.B27211E-01 

Oi940E*0l 

0.337262E 

01 

0.268538E>02 

>0.8690b0E 

02 

0.706971E-01 

0k960E-0l 

0.31A608E 

01 

0.265469E-02 

-0.807630E 

02 

0.603747E-01 

0t980E>0l 

0.29681 IE 

01 

0.262528E>02 

-0.782685E 

02 

0.S60796E-01 

O.IOOE  00 

0.2773S3E 

01 

0.2S9641E~02 

“0.776674E 

02 

0.546154E>01 

04102E  00 

0.2S8i06E 

01 

0.256777E'02 

-0.779193E 

02 

0.543633E-01 

0«104E  00 

0,238893E 

01 

0.293922E>02 

'0.789367E 

02 

0.S46130E>01 
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Table  III.  Continued 


ARfAl 

VOLUME 

Modpl  40  Shot 

1  1  rlC 

DENSITY 

0»26AE  00 

0.370400E 

01 

0.200000E-02 

0.147e00E 

02 

0.4218C0E-02 

TIME 

PRESSURE 

DEN3 

U2 

OPT 

SECONDS 

PSI 

UE-S2/F4 

FPS 

PSI 

0,200E-02 

0.23C327E 

01 

0.262434E-02 

0.905970E 

03 

0.649548E  01 

OiAOOE-02 

0.487529E 

01 

0.294184E-02 

0.880733E 

03 

0.681i23E  01 

0i600E-02 

0.757668E 

01 

0.326833E-02 

0.818998E 

03 

0.651329E  01 

0fc800E>02 

0.101186E 

02 

0.35T555E-02 

0.70267:= 

03 

0.525325E  01 

O.lOOE-01 

0.123963E 

02 

0.385 165E-02 

0.584606E 

03 

0.393174E  01 

0fcl20E-01 

0.143195E 

02 

0.408603E-02 

0.466082F 

03 

0.266084E  01 

0.140E-01 

0*159016E 

02 

0.427941E-02 

0.36&182E 

03 

0.172487E  01 

0fcl6CE-Cl 

0.171821.E 

02 

0.443602E-C2 

0.285523E 

03 

0.108922E  01 

0.180E-01 

0.i81806E 

02 

0.455809E-02 

0.216121E 

03 

0.642600E  00 

0*200E-01 

0.189017E 

02 

0.464617E*02 

0.152552E 

03 

0.327305E  00 

0.220E-01 

0. i93448E 

02 

0.470026E-02 

0.922286E 

02 

0.121500E  00 

0.240E*01 

0.194820E 

02 

0.471698E-C2 

0.2826i8E 

02 

0.115161E-01 

0k260E‘01 

0.i95816E 

02 

0.472911E>02 

0.204335E 

02 

0.603729E-02 

01280E-01 

0. 197499E 

02 

0.474959E-02 

0.344197E 

02 

0.171662E-01 

0.300E-01 

0.198S14E 

02 

0.476 192E-02 

0.206631E 

02 

0.620824E-02 

0.320E-01 

0.200195E 

02 

0.478233E-02 

C.341146E 

02 

9.169578E-01 

01340E-01 

0.201202E 

02 

0.479455E-02 

0.203567E 

02 

0.605914E-02 

0*360E*01 

0.202502E 

02 

0.481 C30E-02 

0.261849E 

02 

0.1C0461E-01 

0.380E-01 

0.20i353E 

02 

0.479448E-02 

~0.230912E 

02 

0.890080E-02 

0.400E-01 

0.204118E 

02 

0.482795E-02 

0.556334E 

02 

0.453628E-01 

0i420E>01 

0.202099E 

02 

0.480C18E-C2 

-0.404145E 

02 

0.273339E-01 

0k440E<01 

0.20S198E 

02 

0.4e3766E-02 

0.621851E 

02 

0.567629E-01 

01460E-01 

0.2032S5E 

02 

0.481097E>02 

-0.387565E 

02 

0.251912E-01 

0k480E-01 

0.203800E 

02 

0.401757E>02 

0.109106E 

02 

0.175151E-02 

0*S00E*01 

0.199338E 

02 

0.475629E-02 

-0.899740E 

02 

0.1342846  00 

0k520E-0l 

0.194936E 

02 

0.469583E>'02 

-0.899249E 

02 

0.132433E  00 

OkSAOC-Ol 

0. 190S60E 

02 

0.463574E>02 

-0.905429E 

02 

0.132537E  00 

ObS60E*01 

0. 186234E 

02 

0.457633E>02 

-0.906656E 

02 

0.131193E  00 

0k580E-01 

0.182019E 

02 

0.451845E>02 

-0.894740E 

02 

0.126158E  00 

0*600E-01 

0.177904E 

02 

0.446193E-02 

-0.884536E 

02 

0.121760E  00 

0k620E-01 

0.173633E 

02 

0.440603E>02 

-0.886138E 

02 

0.120669E  00 

0k64OE-0l 

0.t69782E 

02 

0.435039E*02 

-0.893173E 

02 

0.121041E  00 

01660E-01 

0.16S621E 

02 

0.429324E-02 

-0.929845E 

02 

0.129440E  00 

Ct.680E-0l 

0.161268E 

02 

0.423346E-02 

-0.986693E 

02 

0.143677E  00 

0k700E-0x 

0. 158799E 

02 

0.417210E-02 

-0.102805E 

03 

0.153671E  00 

0k720E>0l 

0.1522766 

02 

0.410999E-02 

-0. 105648E 

03 

0.159840E  00 

0k740E>01 

0. 147727E 

02 

0.404752E-02 

-0.107915E 

03 

0.164298E  00 

0.760E-01 

0.143213E 

02 

0.398552E>02 

-0.108763E 

03 

0.164234E  00 

0.780E-01 

0.138922E 

02 

0.392659E>02 

-0.104921E 

03 

0.1506196  00 

0.800E-01 

0.134915E 

02 

0.387156E<>02 

-0.993248E 

02 

0.133140E  00 

0k820E-01 

0.131056E 

02 

0.381857E-02 

-0.969493E 

02 

0.125129E  00 

0k840E'01 

0.127272E 

02 

0.376659E-02 

-0.964102E 

02 

0.122061E  00 

0k860E>01 

0.123522E 

02 

0.371511E-02 

-0.968274E 

02 

0.121434E  00 

0.880E-01 

0.119791E 

02 

0.366386E-02 

-0.977281E 

02 

0.121991F.  00 

Ok900E*01 

0.116068E 

02 

0.361274E-02 

-0.988792E 

02 

0.123130E  00 

0k92OE-01 

0.112439E 

02 

0.356290E>02 

-0.977447E 

02 

0.11S669E  00 

0k940E-0I 

0. 109046E 

02 

0.351631E-02 

-0.925508E 

02 

0.105031E  00 

0k960E-01 

0. 105875E 

02 

0.34T276C>02 

-0.87S712E 

02 

0.928884E-01 

0k980E-01 

0. 10a806E 

02 

0.343061E>02 

-0.057955E 

02 

0.880832E-01 

OklOOE  00 

0.997808E 

01 

0.338906E-02 

-0.856104E 

02 

0.866419E-01 

0kl02E  00 

0.967738E 

01 

0.334 7776-02 

-0.861385E 

02 

0.86643SE-01 

0.104E  00 

0.937749E 

01 

0.330658E-02 

-0.869806E 

02 

0.8725666-01 
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Table  IV.  Fill  Paraaeters  for  Model  42 
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1 


MArt.  S»73  BRLESC2  FORTRAN. 

*  TB-175  COULTER-BAITY  CHFBRL  4911 

Model  42 

Sh.-'t  5-"'’-3  5psi 


!• 


ARE/  t 

VOLUME 

TIME 

PRESSURE 

DENSITY 

0.549E 

00 

0.4667C0E 

02 

0.500C00E-02 

0.149800E 

02 

0.2B4400E-02 

TIME 

PRESSURE 

0EN3 

U2 

OPT 

SECONDS 

PSI 

UE-S2/F4 

FPS 

PSI 

0.500E- 

•02 

0.460720E 

00 

0.251 603E-02 

0.4B2794E 

03 

0.188320E  01 

O.IOOE- 

-01 

0.903133E 

CO 

0.257940E-02 

0.453459E 

03 

0.169764F  01 

O.ISOE- 

■01 

0.132236E 

Cl 

0.263947E-02 

0.421309r 

03 

0.1495S2E  01 

0.200E- 

■01 

0.171323E 

Cl 

0.269557E-02 

0.3B6122E 

03 

0.127957E  01 

0.250E- 

•01 

0.20B153E 

01 

0.274B43E-02 

0.357763E 

03 

0.111726E  01 

0.300E- 

01 

0.243375E 

01 

0.279892E-02 

0.336436E 

03 

0.100355E  01 

0.350E- 

■Cl 

0.276846E 

Cl 

0.284686E-02 

0.314770E 

03 

0.B91372E  00 

0.400E- 

-01 

0.30B41SE 

01 

0.2B9204E-02 

0.292698E 

03 

0.7B1303E  00 

0.450E- 

■01 

0.337939E 

01 

0.293427E-02 

0.270t27E 

03 

0.673B86E  00 

0.500E' 

■01 

0.365245E 

01 

0.297332E-02 

0.246926E 

03 

0.569654E  00 

0.550E- 

■01 

0.39O253E 

01 

0.30090BE-02 

0.223760E 

03 

0.472741E  00 

0.600E' 

■01 

0.412876E 

01 

0.304143E-02 

0.2004B9E 

03 

0.3B3154E  00 

0.6SOE- 

■01 

0.433007E 

01 

0.307022E-02 

0.176921E 

C3 

0.300918E  00 

0.700E-01 

0.450519E 

01 

0.309527E-02 

0.152786E 

03 

0.226103E  00 

0.750E-01 

0.46S593E 

01 

0.311683E-02 

0.130670E 

03 

0.166452E  00 

O.BOOE- 

■01 

0.478472E 

01 

0.313525E-02 

0.111006E 

03 

0.120788E  00 

O.BSOE- 

■01 

0.488729E 

01 

0.314992E-02 

0.8B0057i; 

02 

0.762746E-01 

0.900E-01 

0.495617E 

01 

0.315978E-02 

C.5BS95JE 

02 

0.342B72E-01 

O.9S0E-01 

0.500188E 

01 

0.316631E-02 

0.3B98'>7E 

02 

0.150615EH)1 

O.IOOE 

00 

0.504731E 

01 

0.317281E-02 

0.386535E 

02 

0.148294E-01 

0.105E 

00 

0.S06263E 

01 

0.317500E-02 

0.130201E 

02 

0.168531E-02 

O.llOE 

00 

0.S01969E 

01 

0.316820E-02 

-0.365100E 

02 

0.146715E-01 

0.115E 

00 

C.301024E 

01 

0.3U670E-02 

-0.B04541E 

01 

0.712003E-03 

0.120E 

00 

0.50S397E 

01 

0.317295E-02 

0.371961E 

02 

0.t37364E-01 

0.12SE 

00 

0.507049E 

01 

0.317531E-02 

0.140323E 

02 

0.195601E'-02 

0.130E 

00 

0.503519E 

01 

0.316972E-02 

-0.299900E 

02 

0.990544EH)2 

C.135E 

00 

0.505878E 

01 

0.317310E-02 

0.200552E 

02 

0.399684E-02 

0.140E 

00 

0.S09157E 

01 

0.317778&-02 

0.2782B8E 

02 

0.770227E-02 

0.14SE 

00 

0.S07230E 

01 

0.317473E-02 

-0.163375E 

02 

0.294416E-02 

0.150E 

00 

0.504046E 

01 

0.316969E-02 

-0.270455E 

02 

0. 80560 lE-02 

0.1S5E 

00 

0.S03614E 

01 

0.316900E-C2 

-0.367194E 

01 

0.148391E-03 

0.160E 

00 

0.506900E 

01 

0.317370E-02 

0.279265E 

02 

0.775019E-02 

0.165E 

00 

0.509002E 

01 

0.317670E-02 

0.178333E 

02 

0.316411E-02 

0.170E 

00 

0.510683F 

01 

0.317911E-02 

0.142514E 

02 

0.202223E-02 

0.175E 

00 

0.S12456E 

01 

0.318164E-02 

0.150128E 

02 

0.224540E-02 

O.IBOE 

CO 

0.514200E 

01 

0.3ie413E-02 

0.14r612E 

02 

0.217214E-02 

O.lBfE 

00 

0.503172E 

01 

0.31666BE-02 

-0.942397E 

02 

0.971566E-01 

0. 190i: 

00 

0.4B9373E 

01 

0.313851E-02 

-0.155648E 

03 

0.258986E  00 

0.19>£ 

00 

0.463446E 

01 

0.310381E-02 

-0. 196544E 

03 

0.402888E  00 

0.200E 

00 

0.438473E 

01 

0.306430E-02 

-0.229747E 

03 

0.536359E  00 

0.20SE 

00 

0.411691E 

01 

O.S02192E-02 

-0.252367E 

03 

0.631847E  00 

0.210E 

00 

0.383970E 

01 

0.297805E-02 

-0.266895E 

03 

0.691667E  00 

0.215E 

00 

0. 35544 3E 

01 

0.293291E-02 

-0.28070TE 

03 

0.748795E  00 

0..320E 

00 

0.32A225E 

01 

0.288667E-02 

-0.294221E 

03 

0.803657E  00 

0.225E 

00 

0.297262E 

01 

0.2840B4E-02 

-0.296739E 

03 

0.803434E  00 

0.230E 

00 

0.269413E 

01 

0.279677E-02 

-0.2S8613E 

03 

0.751403E  00 

0.23SE 

00 

0.242611E 

01 

0.275436E-02 

-0.280932E 

03 

0.703886E  00 

0.240E 

00 

0.2i6794E 

01 

0.271 351E-02 

-0.273699E 

03 

0.660575E  00 

0.24SE 

00 

0.192440E 

01 

0.267497E-02 

-0.26019BE 

03 

0.592383E  00 

0.250E 

00 

0. 170067E 

01 

0.263 957E-02 

-0.240021E 

03 

0.902018E  00 

0.255E 

CO 

0.149634E 

01 

0.260724^02 

-0.220040E 

03 

0.420308E  00 

0.260E 

00 

0.131106E 

01 

0.257792E-02 

-0.200239E 

03 

0.346844E  00 

M 


V, 


Table  IV.  Continued 


Mod-1  42 

Shot  5-73-''  ICpsi 


AREAl 

VOLUME 

TIME 

PRESSURE 

DENSITY 

O.SSfrE 

00 

0.464700E 

02 

0.900000E-Q2 

0.149100E 

02 

0.335400E-02 

TIME 

MRESStmE 

0EN3 

U2 

OPT 

SECONQS 

ESI 

UE-S2/F4 

EPS 

PS! 

0.S00E>02 

0.730345E 

00 

0.296482E-02 

0.719278E 

03 

0.416995E  01 

O.IOOE-Oi 

0.154202E 

01 

0.266718EH)2 

0.677197E 

03 

0.383347E  01 

0.150E>0t 

0.228462E 

01 

0.276669E-02 

0.636490E 

03 

0.390320E  01 

0.200E-01 

0.300317E 

Cl 

0.284304E-02 

0.997120E 

03 

0.318189E  01 

0.250E>01 

0.369592E 

01 

0.29959dE-02 

0.998883E 

03 

0.28T014E  01 

0.3d0E>01 

0.434055E 

01 

0.304496E-02 

0.921720E 

03 

0.296984E  01 

0.350E-01 

0.499S65E 

01 

0.313004E-02 

0.486067E 

03 

0.228725E  01 

0.400E>01 

0.5M003E 

01 

0.321099E>02 

0.491897E 

03 

0.202293E  01 

0.4S0EH>1 

0.617110E 

01 

0.320747E-C2 

0.417929E 

03 

0.176792E  01 

0.500E>01 

0.670629E 

01 

0.339917E-02 

0.384161E 

03 

0.192336E  01 

0.550E-ai 

0.720484E 

01 

0.34299eE>02 

0.391991E 

03 

0.129906E  01 

0.6L'0E-0t 

0.70440SE 

01 

0.340700E>02 

0.320112E 

03 

0.109494E  01 

0.650E-91 

0.009349E 

01 

0.394500E-02 

0.292223E 

03 

0.92S674E  00 

O.TOOE-OI 

0.849112E 

01 

0.399032E-02 

0.268046E 

03 

0.789346E  00 

O.TSCE-dt 

0.ae9904E 

01 

0.364 799E-02 

0.244820E 

03 

0.666989E  00 

0.800E-01 

0.919743E 

01 

0.369280E-02 

0.222908E 

03 

0.956797E  00 

o.asoE-oi 

0.950257E 

01 

0.373398E-02 

0.198964E 

03 

0.447918E  00 

0.900E>01 

0.977013E 

01 

0.376939E-02 

0.172946E 

03 

0.341273E  00 

0.950 E>01 

0.999974E 

01 

0.380004E-02 

0.146929E 

03 

0.2493800  00 

O.IOOE 

00 

0. 101909E 

02 

0.302999E>02 

0.121522E 

03 

0.171734E  00 

O.IOSE 

00 

0.103429E 

02 

0.304590E»02 

0.960844E 

02 

0.107990E  00 

O.llOE 

00 

0.104S43E 

02 

0.304080E>02 

0.701993E 

02 

0.970C43EH91 

0.U5E 

oc 

0.105222E 

02 

0.386907E*02 

0.429709E 

02 

0.2t3491E>01 

0.120E 

00 

0.109106E 

02 

0.384810E-02 

•0.726031E 

01 

0.708292E-03 

0.12SE 

00 

0.105S70E 

02 

0.307430E-02 

0.290902E 

02 

0.995729E-02 

O.DOE 

00 

0. I00004E 

0? 

0.380009E>02 

0.271313E 

02 

0.869698EH>2 

0.13SE 

CO 

0.t0043tE 

02 

0.300900EH>2 

0.266991E 

02 

0.840672E-02 

0.140E 

00 

0. 1040970 

02 

0.309148E>02 

0.269394E 

02 

0.833889EH12 

0.145E 

00 

0.107032E 

02 

0.3a93S2EH)2 

0.109087E 

02 

0.1410960-02 

0.150E 

00 

0. 104746C 

02 

0.300947E>02 

-0.l77928fc 

02 

0.427872E-02 

0.15SE 

00 

0.107070E 

02 

0. 38938 7E>02 

0.209489E 

02 

0.900911E-02 

O.UOE 

00 

0.104749E 

02 

0.308009E>02 

-0.209980E 

02 

0.971134E-02 

O.USE 

00 

O.L07180E 

02 

0.309449E-02 

0.270479E 

02 

0.867173E-02 

0.170E 

00 

0.1073020 

02 

8.309734E>02 

0.129347^ 

02 

0.184461E-02 

0.175E 

00 

0.107421E 

02 

0.390093E-02 

0.149574E 

02 

0.262123E-02 

O.IOOE 

00 

0.107030E 

02 

0.390 342E>02 

0.134TT4E 

02 

0.215827E-02 

O.ltSE 

00 

0.107404E 

02 

0.390108E>02 

~0.996703E 

01 

0.126040E-02 

O.lfOE 

90 

0.107971E 

02 

0.390490E-02 

0.178053E 

02 

0.376766E-02 

0.195E 

00 

0.1044940 

02 

0.300493E-02 

-0.821198E 

02 

0.907302E-01 

0.200E 

00 

0.104421E 

02 

0.309402E«02 

-0.129127E 

03 

0.220721E  00 

0.205E 

00 

0.102212C 

02 

0.301743E>02 

•e.l99362E 

03 

0.314416E  00 

0.210E 

00 

0.999701E 

01 

0.377742E>02 

H).172991E 

03 

0.381851E  00 

0.215E 

00 

0.947410E 

01 

0.373433E<^2 

-0.108932E 

03 

0.490186E  00 

0.220E 

00 

0.937200E 

01 

0.340043E«02 

•0.204944E 

03 

0.920280E  00 

0.22SE 

00 

0.909004E 

01 

0.344004EH>2 

H).214051E 

03 

0.540379E  00 

0.230E 

00 

0.874040C 

01 

0.399292EH>2 

-0.223147E 

03 

0.9944298  00 

0.259E 

00 

0.842101E 

01 

0.394410E«02 

-0.224914E 

03 

0.407721E  00 

0.240E 

00 

0.010442E 

01 

0.349419E>02 

H).227441E 

03 

0.403149E  00 

0.249E 

00 

0.779014E 

01 

0.34493TEH)2 

>0.22929aE 

03 

0.983447E  00 

0.2S0E 

00 

0.7900S3E 

01 

0.340414CH>2 

-0.219942E 

03 

0.590080E  00 

0.29SE 

00 

0.721022E 

01 

0.334004E>02 

>0.217121E 

03 

0.929933E  00 

0.200C 

00 

0.49241SE 

01 

0.331441E*02 

-0.214702E 

03 

0.920791E  00 

Table  IV.  Continued 


Model 

42  Estimated  20i)si 

AREAl 

VOLUME 

TIME 

PRESSURE 

DENSITY 

0.549E 

00 

0.466700E 

02 

0.500000E-02 

0.148610E 

02 

3.4210006-02 

TIME 

PRESSURE 

0EN3 

U2 

OPT 

SECONDS 

PSI 

UE-S2/F4 

EPS 

PSI 

0.500E-02 

0.958799E 

00 

0.258184E>02 

0.905353E 

C3 

0.651658E  01 

O.lOOE-01 

0. 196370E 

01 

0.270766E-02 

0.894151E 

C3 

0.664663E  01 

0.150E-01 

0.301523E 

01 

0.283742E>C2 

0.tt82410E 

03 

0.676435E  01 

0.200E-01 

0.41137tE 

01 

0.297104E-02 

0.870124E 

“3 

0.6868396  Cl 

0.250E-01 

0.S22681E 

01 

0.310S46E-02 

0.838906E 

03 

0.6662236  Cl 

0.300E-01 

0.631807E 

01 

0.323725E-C2 

0.T896335 

03 

0.6I4792E  01 

0.350E-01 

0.738325E 

01 

0.336S90E-C2 

0.7421HCE 

''3 

0.5640376  Cl 

0.400E-01 

0.841857E 

Cl 

0.349093E-32 

0.696S29F 

.3 

0.5145C6E  01 

0.A50E>01 

0.942072E 

01 

0.361i96E-02 

0.652647E 

03 

8.4666396  Cl 

0.500E>01 

0.103868E 

02 

0. 37286 3E-C2 

0.610487E 

03 

0.4207786  01 

0.550E-01 

0.1i3142E 

02 

C .3840646-02 

0.559995E 

'*3 

C.377176E  Cl 

0.600E-01 

0.122010E 

02 

0.394773E-02 

3.531104E 

'.3 

0.336C116  01 

0.650EH)1 

0.130452E 

02 

0.404968E-02 

C.493744E 

C3 

0.297395E  01 

0.700E>Ot 

0.i38454E 

02 

0.414632E-02 

0.457837E 

C3 

0.2613856  81 

O.TSOEHll 

0. 14600 3E 

02 

0.423749E-02 

0.423299E 

C3 

0.2279946  Cl 

0.800E-01 

0.153090E 

02 

0.422307E-02 

0.390C44E 

‘3 

0.1972C1C  01 

0.850E-01 

0. 199705E 

02 

0.440297E-C2 

0.357982E 

C3 

0.1689586  Cl 

0.900E-01 

0.16S842E 

02 

0.447709E-02 

0.327020E 

C3 

0.1431976  Cl 

0.950E' 

-01 

0.171496E 

02 

0.454537E-C2 

0.2970616 

'3 

0.1198376  )l 

O.IOOE 

00 

0.176663E 

02 

0.460777E-02 

0.2680076 

03 

C.987915E  00 

O.IOSE 

00 

0.i81338E 

02 

0. 46642 3E-C2 

0.239753E 

'^3 

C. 7996896  30 

O.llOE 

00 

0.185518E 

C2 

0.47147IE-02 

0.212188E 

C3 

0.632794E  30 

O.llSE 

00 

0.189199E 

02 

0.475916E-02 

0.185192E 

03 

3.486373E  CO 

0.120E 

00 

0.192377E 

02 

0.479754E-C2 

0.158626E 

03 

0.3596456  30 

0.125E 

00 

0.195045E 

02 

0.482977E-C2 

0.13232CE 

03 

0.2519326  CO 

0.130E 

00 

0.197196E 

02 

0.485574E-02 

0.106039E 

C3 

0.1626986  00 

0.13SE 

00 

0.198813E 

02 

0.487527E-C2 

0.793894E 

02 

0.916030E-CI 

O.iAOE 

00 

0.199869E 

02 

0.4e8797E-C2 

0.S14629E 

02 

0.386201E-01 

0.145E 

00 

0.20072CE 

02 

0.489226E-C2 

0.173186E 

02 

0.4383266-02 

0.150E 

00 

0.199800E 

02 

0.488637E-C2 

-0.2049396 

'“=2 

0.713133E-C2 

0.155E 

00 

0.20C232E 

02 

0.489159E-C2 

0.210934E 

02 

C.650137E-C2 

0.160E 

00 

0. 199800E 

02 

0.488554E-02 

-0.210496E 

02 

0.7522C76-02 

0.165E 

00 

0.200232E 

02 

0.409075E-02 

0.210597E 

02 

0.648062E-02 

0.170E 

00 

0.199800E 

02 

0.4tf470E-02 

-0.219491E 

02 

0.752043E-02 

0.175E 

00 

0.200232E 

02 

0.480991E-02 

0.210618E 

02 

0.648I94E-02 

0.180E 

00 

0.1998C0E 

02 

0.488386E-02 

-0.210510E 

C2 

0.752053E-02 

0.185E 

00 

0.200232E 

02 

0.488907E-02 

0.210638E 

02 

0.648313E-C2 

O.IOOE 

00 

0.199800E 

C2 

0.4863Q2E-02 

-0.210530E 

02 

0.752363E-C2 

0.195E 

00 

0.200232E 

02 

0.488823E-C2 

0.210657E 

02 

0.6484326-02 

0.200E 

CO 

0.199800E 

02 

0.486219E-02 

-0.210549E 

C2 

0.752072E-02 

0.205E 

00 

0.200232E 

02 

0.488740L-C2 

0.210677E 

02 

0.648552E-02 

0.210E 

00 

0.199800E 

02 

0.4e8l35E-02 

-0.21C568E 

C2 

C.752082E-32 

0.21SE 

00 

0.2C0232E 

02 

0.4886S6E-02 

0.210696E 

02 

0.648671E-02 

0.220E 

00 

0.199800E 

02 

0.48S052E-C2 

-0.210588E 

02 

0.752091E-02 

0.225E 

CO 

0.200232E 

02 

0.488573E-C2 

0.210715E 

G2 

C.648790E-02 

0.230E 

00 

0.199800E 

02 

0.487969E-02 

-0.2106076 

02 

0. 7521016-02 

0.235E 

00 

0.200232E 

02 

0.489490E-02 

0.21073SE 

C2 

0.648909E-C2 

0.2A0E 

00 

0.199800E 

02 

0.487885E-02 

-0.210626E 

02 

0.752110E-02 

0.245E 

00 

0.200232E 

02 

0.488407E-02 

0.210754E 

t2 

0.649027E-32 

0.250E 

00 

0. 199800E 

02 

0.487802E-02 

-0.210645E 

C2 

0.752120E-C2 
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CHAMBER  FILL-BRL 


Predictions  for 


Predictions  for  Model  42.  Ps=10 


A  ■  vg 


The  force  exerted  by  the  air  flow  upon  the  cylinder  is  written  as 
Equation  (1}. 

F  =  Cd  Ac  Q,  where  (1) 

C,  is  the  experiaentally  determined  coefficient  of  drag  as  a  function 
of  the  air  flow  Mach  nuiaber,  is  the  projected  cross-sectional  area 
of  the  cylinder,  and  Q  is  the  dynamic  pressure  of  the  air  flow,  found 
from  Equation  (2) . 


Q  =  1/2  pu2,  where  (2) 

both  the  density,  p,  and  the  air  speed,  u,  were  allowed  to  vary  as  in 
Equation  (3)  and  (4). 


P  =  Pi  ♦  (Pfiii  -  Pj)  t/tfiii;  (3) 

here  pj  is  the  ambient  density  before  filling  the  room  and  Pfin  is  the 
air  density  to  which  it  fills.  The  ratio,  t/tf^^jj,  is  elapsed  time  to 
total  fill  time  for  the  room,  p  was  varied  in  a  similar  way. 

=  ^x  -  («max)  t/^fill» 

where  u^ax  ts  the  initial  maximum  air  speed  as  filling  begins  and  goes 
to  zero  when  the  room  has  filled.  The  equatiems  are  not  valid  for 
times  greater  than  the  fill  time. 

The  coefficient  of  drag  varied  as  Equation  (5) . 

*  ^^x  ■  (^nnax  "  ^l)  ^/^fill*  (5) 

where  Cgi^x  value  for  maximum  air  speed  and  Cj  is  the  lower 

limit  for  the  minimum  drag  coefficient.  These  values  are  plotted  as 
Figure  20.  See  also  Ref.  5  and  6. 

Acceleration  is  then  given  by 

a  =  Cp  Q  Aq/*,  where  (6) 

m  is  the  mass  of  the  cylinder  exposed  to  the  flow.  Incremental  calcul¬ 
ations  for  velocity  and  displacement  can  be  made  for  a  time  At.  A 
value  of  At  sbout  equal  to  tfiii/20  gives  sufficiently  closed-spaced 
values  for  the  motion  parameters. 

Predictions  of  the  cylinders  motion  for  each  model  tested,  and 
also  for  an  exa^tle  of  a  full  size  basement  shelter,  are  given  for 
input  shock  over  pressures  of  5-20  psi.  Those  for  the  models  are  shown 
in  Tables  V  and  VI  and  Fig.  21-26.  Predictions  for  the  full  size 
basements  are  given  in  ^pendix  F. 
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Figure  20-  Coefficient  of  Drag  for  a  Cylinder 
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Table  V.  Motion  Predictions  for  Model  40 


Shot  569  5  psi 

Time, sec  Distance, ft  Velocity,  ft/sec  Acceleration,  ft/sec^ 


.00100 

.00066 

.00000 

669.86310 

.00200 

.00192 

.66986 

586.93502 

.00300 

.00369 

1.25679 

509.69365 

.00400 

.00589 

1.76649 

438.07990 

.00500 

.00847 

2.20457 

372.03910 

.00600 

.01136 

2.57661 

311.52094 

.00700 

.01450 

2.88813 

256.47934 

.00800 

.01785 

3.14461 

206.87238 

.00900 

.02137 

3.35148 

162.66228 

.01000 

.02501 

3.51414 

123.815;.9 

.01100 

.02873 

3.63796 

90.30166 

.01200 

.03252 

3.72826 

62.09557 

.01300 

.03635 

3.79035 

39.17513 

.01400 

.04020 

3.82953 

21.52228 

.01500 

.04407 

3.85105 

9.12284 

.01600 

.04793 

3.86017 

1.56641 

.01700 

.05179 

3.86214 

.04640 

Shot  572  10  psi 


.00100 

.00208 

.00000 

2080.58493 

.00200 

.00600 

2.08058 

1842.66474 

.00300 

.01155 

3.92324 

1623.10544 

.00400 

.01851 

5.54635 

1421.04520 

.00500 

.02672 

6.96740 

1235.66792 

.00600 

.03598 

8.20306 

1066.19946 

.00700 

.04617 

9.26926 

911.90399 

.00800 

.05712 

10.18117 

772.08078 

.00900 

.06872 

10.95325 

646.06114 

.01000 

.08085 

11.59931 

533.20560 

.01100 

.09342 

12.13251 

A32. 90132 

.01200 

.10633 

12.56542 

344.55968 

.01300 

.11950 

12.90998 

267.61405 

.01400 

.13288 

13.17759 

201.51766 

.01500 

.14641 

13.37911 

145.74168 

.01600 

.16003 

13.52485 

99.77341 

.01700 

,17372 

13.62462 

63.11456 

.01800 

.18744 

13.68774 

35.27967 

.01900 

.20118 

13.72302 

15.79463 

.02000 

.21493 

13.73881 

4.19530 

.02100 

.22867 

13.74301 

.02617 

Shot  577 

20  psi 

.00200 

.01307 

4.53156 

4013.64942 

.00400 

.04035 

12.08453 

3105.80021 

.00600 

.07850 

17.90085 

2351.08489 

.00800 

.12478 

22,27722 

1731.04238 

.01000 

.17696 

25.47468 

1229.60016 

.01200 

.23324 

27.72315 

832.58625 

.01400 

.29222 

29.22496 

527.33311 

.01600 

.35284 

30.15779 

302.35347 

.01800 

.41434 

30.67677 

147.07270 

.02000 

.47622 

30.91630 

51.60671 

,02200 

.53821 

30.99127 

6.57681 

.02400 

.60921 

30.99799 

2.95563 
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Table  VI.  Motion  Predictions  for  Model  42 


Shot  5-73-3 

5psi 

Time, sec 

Distance, ft 

Velocity, ft/sec 

Accel.  ,  f t< 

.01000 

.04897 

3.39113 

602.63160 

.02000 

.15133 

9.06674 

467.54344 

.03000 

.29456 

13.44227 

352.33537 

.OAOOO 

.46807 

16.71229 

255.39463 

.05000 

.66301 

19.05603 

175.40402 

.06000 

.87220 

20  64C17 

111.30242 

.07000 

1.08997 

21.62139 

62.25415 

.08000 

1.31214 

22.14851 

27.62541 

.09000 

1.53596 

22.36449 

6.96681 

.10000 

1.76004 

22.40824 

.00107 

Shot  5-73-6 

lOpsi 

.01000 

.15824 

10.98767 

1934.70696 

.02000 

.48692 

29.15310 

1485.78838 

.03000 

.94553 

43.05478 

1122.58405 

.04000 

1.50135 

53,50815 

829.48486 

.05000 

2.12804 

Cl. 18249 

594.56092 

.06000 

2.80460 

66.63500 

408.57068 

.07000 

3.51456 

70.33584 

264.26611 

.08000 

4.24533 

72.68668 

155.89590 

.09000 

4.98765 

74.03469 

78.84369 

.10000 

5.73521 

74.68322 

29.35989 

.11000 

6.48432 

74,89987 

4.35925 

.12000 

7.23358 

74.92276 

1.26504 

Estimated 

20psi 

.01000 

.33799 

23.61066 

4075.55450 

.02000 

1.02925 

61.56092 

3025.93824 

.03000 

1.98177 

89.68717 

2225.97704 

.04000 

3.12518 

110.31112 

1611.90000 

.05000 

4.40539 

125.17205 

1139.80640 

.06000 

5.78092 

135.60571 

778.63024 

.07000 

7.22L17 

142.66057 

505.83806 

.08000 

8.69354 

147.17569 

304.70235 

.09000 

10.20154 

149.83377 

162.51672 

.10000 

11.71566 

151.19813 

69.39162 

.11000 

13.23348 

151.73856 

17.41764 

. 12000 

14.75198 

151.84956 

.06669 
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Figure  21.  Predicted  Translation  for  Cylinder-Model  40 
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Figure  24.  Predicted  Translation  for  Cyiinder-Model  42 
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V.  SUMMARY  AND  CONCLUSIONS 


Results  obtained  from  the  exposure  of  two  l/12th  scale  model  base¬ 
ment  shelters  to  shock  waves  are  summarized  in  Part  A.  The  results 
obtained  and  conclusions  reached  from  the  experiments  are  applied  in 
Part  B  to  several  cases  of  full  size  basement  shelters. 

A.  Summary  of  Experiments 

IVo  l/12th  scale  models  of  basement  shelters  were  built  to  simulate 
full  size  basements  which  t^ould  hold  a  maximum  of  80  and  1000  shelterees. 
The  models  were  then  exposed  to  range  of  input  shock  waves,  Pg  =  5-20  psi, 
from  the  BRL  Shock  Tubes. 

Small  nylon  cylinders  were  placed  inside  the  models  and  exposed 
at  various  floor  locations,  including  areas  of  high  speed  air  flow. 

High  speed  photography  was  used  to  record  the  motion  of  the  cylinders 
during  the  air  flow  into  the  models  from  the  shock  tubes. 

Predictions  of  the  interior  flows  within  the  model  were  made  by 
^n^uter  codes  with  two-dimensional  assumptions.  These  were  found  to 
. jpresent  sufficiently  the  results  from  the  actual  three-dimensional 
.aodels  tested. 

A  general  trend  was  observed  from  a  study  of  tho  two  scaled  models. 
For  an  increase  in  the  V/A  ratio,  there  was  a  corresponding  increase  in 
flow  duration  available  for  translation  of  objects  inside  the  shelter. 

A  scaled  duration  is  assumed  for  the  input  shock  waves.  This  is 
illustrated  by  coi^>aring  the  V/A  values  and  the  translation  calculations 
for  the  two  models.  Model  40  has  a  V/A  of  14  feet  and  Model  42  one  of 
85  feet,  a  factor  of  6  between  the  two.  The  calculated  filling  times 
are  17  msec  and  100  msec  respectively,  a  factor  of  5.9.  A  set  of  maximum 
translation  velocities  for  a  cylinder  in  the  midst  of  the  incoming  flow 
for  5  psi  input  was  found  experimentally  to  be  2.9  ft/sec  and  14.7  ft/sec 
respectively,  a  factor  of  about  5.  This  is  somewhat  less  than  the  other 
factors  shown,  but  does  illustrate  that  the  maximum  translation  is  closely 
related  to  the  V/A  and  fill  times  for  a  shelter.  Predictions  are  given 
in  Part  B,  following  this  trend,  for  several  sizes  of  basement  shelters. 

B.  Predictions  for  Full  Size  Basement  Shelters 


Prediction  of  filling  curves  of  pressure  in  four  basement  shelter 
sizes  (20  X  40  X  8  feet,  30  x  60  x  8  feet,  40  x  80  x  8  feet,  and  70  x 

144  X  8  feet)  are  given  in  Appendix  F.  At  10  ft^/shelteree,  the  shelters 

would  accomadate  a  maximum  of  about  80,  180,  320  and  1000  shelterees, 
respectively.  The  basement  shelters  are  listed  in  Table  VII. 

The  I ressure-time  fill  predictions  were  made  from  the  BRL  Filling 
Code,  Ref.  1,  for  input  pressures  of  3,  5,  10,  15  and  20  psi.  The  blast 

waves  are  assumed  to  have  come  from  a  l-MT  explosion,  calculated  from  Ref. 7. 


Dimensions  of  Models  and  Basements 
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The  flow  paraneters  from  the  fill  predictions;  along  with  size,  weight 
and  coefficient  of  drag;  were  used  to  predict  the  translation  of  a 
156  pound  cylinder  15  3/4  inches  diameter  x  22  inches  high.  In  addition, 
the  fill  parameters  for  the  fourth  basement  were  used  to  calculate  the 
translation  for  a  170  pound  cylinder  in  order  to  exactly  match  the 
cylinders  used  with  Model  42. 

Tlie  pressure-time  filling  curves  and  tables  of  corresponding  motion 
parameters  for  the  full  size  basement  shelters  are  given  in  ^pendix  F. 
The  parameters  given  are  maximum  since  the  maximum  incoming  flow 
parameters  are  used.  Floor  friction  and  gravity  are  neglected  in  the 
given  predictions. 

The  calculations  of  translation  for  the  cylinders  were  stopped  at 
tines  corx'esponding  to  the  time  for  the  basements  to  fill  to  the  outside 
blast  pressure.  The  translation  velocities  were  assumed  maximum  at  the 
times  of  fill.  The  cylinders  were  assumed  to  continue  at  these  maximum 
predicted  velocities  until  the  rear  or  other  basement  wall  was  struck. 

As  mentioned  above,  hitting  the  floor  or  ceiling  was  assumed  not  to  slow 
the  cylinder,  although  the  tumbling  rate  was  experimentally  observed  to 
increase  after  such  an  impact  of  a  nylon  cylinder  with  the  wooden  flocr 
of  the  basonent  models.  Gravity  and  friction  would  of  course  act  to 
^•crease  these  maximum  values  for  some  objects. 

% 

«  Table  VIII  illustrates  the  scaling  coa^arison  for  Model  42  and  the 
simu’ated  full  size  basement  shelter.  Also,  the  effect  of  a  change  in 
input  blast  wave  shape  is  shown  for  coi^arison.  The  translation  para¬ 
meters  have  been  calculated  for  these  conditions.  Figure  27  shows  the 
maximum  trsmslation  velocity  predicted  for  a  cylinder  in  each  of  these 
situatio:>  as  a  function  of  fraction  of  fill  time.  The  scaled  model  and 
full  size  basooents  are  shown  with  the  lower  curve  illustrating  the 
decreased  '-elocity  because  of  the  exponential  type  blast  wave  usedfcr 
the  input.  4|rThe  present  experiments  with  flat  shock  waves  overestimate 
the  maximum  ^locity  when  applied  to  a  true  field  situation  with  an 
exponential l^decaying  blast  wave. 

Figures  2Xand  29  illustrate  input  pressure  dependence  and  V/A 
effect  upon  possNble  object  translation  at  the  end  of  fil'.  time.  For 
example,  for  the\-Mr  blast  wave  assumed,  to  stay  below  some  maximum 
translational  vel^ity  of  say  20  ft/sec,  the  limits  would  be  10  psi 
input  for  a  sheltevy. with  a  V/A  of  slightly  less  than  500  feet.  Similar 
graphs  may  be  plottA^i  for  other  input  blast  conditions  and  V/A  ratios. 

In  this  manner,  naxibxmi  effects  might  be  calculated  for  any  given  base¬ 
ment  shelter  situatioi!'- 
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Table  VIII.  Prediction  of  Translation  for  a  Cylinder 
A.  Model  42--70xl44x8  in. — Entrance,  80  in^ 

1.56  oz.  cylinder,  1.28  in.  diaxl.83  in.  high 

5  psi  5  1/2  ft.  shock  tube 


Time, sec 


Distance, ft 


Velocity,  ft/sec 


2 

Acceleration , ft/sec 


.oionn 

.04570 

3.16880 

560.53646 

.02000 

.14080 

8.43497 

430.00609 

.03000 

.27324 

12.44621 

319.20894 

.04000 

.43286 

15.39590 

226.63883 

.05000 

.61127 

17.46307 

151.07080 

.06000 

.80171 

18.81516 

91.52560 

.07000 

.99900 

19.61037 

47.24209 

.08000 

1.19944 

19.99978 

17.65641 

.09000 

1.40079 

20.12931 

2.38667 

.10000 

1.60223 

20.14148 

1.22266 

B. 

Full  Size  Basement — 

5  psi  Flat,  156 
X  22  in.  high 

70x144x8  ft — Entrance, 

lb.  cylinder,  15  3/4 

,  80  ft2 

in.  dia 

Time, sec 

Distance, ft 

Velocity,  ft/sec 

Acceleration, 

.10000 

.43790 

3.01740 

54.46407 

.20000 

1.36619 

8.18815 

43. 79302 

. 30000 

2.68507 

12.32662 

34.48763 

.40000 

4.30787 

15.56675 

26.44726 

.50000 

6.16012 

18.03283 

19.58738 

.60000 

8.17882 

19.84108 

13.83752 

.70000 

10.31177 

21.10097 

9.13980 

.80000 

12.51704 

21.91649 

5.44756 

.  f»oooo 

14.76257 

22.38721 

2.72442 

i.ooooo 

17.02586 

22.60930 

.94r>.')0 

1.10000 

19.29373 

22.67650 

.08684 

C.  Full 

Size  Basement- 

-70x144x8  ft — Entrance, 

80  ft/sec 

5  psi  1 

-MT  156  lb.  cylinder,  15  3/4  in.  dia 

X  22  in.  high 

Time, sec 

Distance, ft 

Velocity,  ft/sec 

Acceleration 

.050no 

. 13994 

.00000 

55.97806 

. lOOno 

.39673 

2.79890 

46.73701 

.15000 

.74958 

5.13575 

38.42488 

.iiOOOO 

1.17994 

7.05699 

31.00341 

.25000 

1.67139 

8.60716 

24.43891 

. 30000 

2.20960 

9.82911 

18.70190 

. 35000 

2.78223 

10. 76421 

13.76683 

.40000 

3.37889 

11.45255 

9.61184 

.45000 

3.99109 

11.93314 

6.21856 

. 50000 

4.61222 

12.24407 

3.57191 

.55000 

5.23751 

12.42266 

1.66001 

.60000 

5.86398 

12.50566 

.47400 

.65000 

6.49047 

12.52936 

.00801 
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Table  VIII -Continued 


D.  Fall  Size  Basenent — 70x144x8  ft 


5  psi  Flat 

170  lb  cylinder,  1.28  ft 

dia.  >  1.83 

Time, sec 

Distance,  ft 

Velocity,  ft/sec 

Acceleration 

.10000 

.38960 

2.68334 

48.50786 

.20000 

1.21659 

7.29191 

39.12192 

.30000 

2,39302 

10.99161 

30.90402 

.40000 

3.84218 

13.89723 

23.77636 

.50000 

5.49797 

16.11606 

17.67310 

.60000 

7.30423 

17.74912 

12.53906 

.70000 

9.21426 

18.89212 

8.32859 

.80000 

11.19042 

19.63644 

5.00470 

.90000 

13.20376 

20.06996 

2.5383S 

1.00000 

15.23382 

20.27787 

.90804 

1.10000 

17.26340 

20.34335 

.09913 

E.  Full  Size  Basenent — 70x144x8  ft 
5  psi  Flat  170  cylinder,  1.28ft.dia  x  1.83ft.  high 


Time, sec 

Distance, ft 

\'e  loci  ty,  ft/sec 

Acceleration 

.10000 

.35290 

2.48855 

41.61791 

.15000 

.66704 

4.56945 

34.26884 

.20000 

1.05042 

6.28289 

27.69416 

.25000 

1.48847 

7.66760 

21.86757 

.30000 

1.96843 

8.76098 

16.76599 

.35000 

2.47932 

9.59928 

12.36934 

.40000 

3.01186 

10.21774 

8.66040 

.45000 

3.55846 

10.65076 

5.62464 

.50000 

4.11318 

10.93200 

3.25010 

.55000 

4.67173 

11.09450 

1.52732 

.60000 

5.23140 

11.17087 

.44924 

.65000 

5.79109 

11.19333 

.01113 
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S79  5.1  Row  3  Cylinder  C  moved  at  5.9  ms.  Slight  velocity  P,  «  14.8  psi 

of  less  than  1  ft/sec  was  measured.  Cylinder  „  _op 
A  slid  toward  stairway,  did  not  fall.  Slight  *1  “  ^ 
motion  for  Cylinder  B. 
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APPENDIX  B 


HIGH  SPEED  PHOTOGRAPHS-HODEL  40 
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SHOT  569 


Figure  B-2.  Side  View,  Cylinders  on  Row  1--5.2  psi 
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Figure  B-5.  Fnd  View,  Cylinders  on  Row  1--10.2  psi 
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Figure  B-4.  Side  View,  Cylinders  on  Row  1--10,2  psi 
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rigu*e  B-6.  Side  View,  Cylinders  on  Row  1--20.3  psi 
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Figure  B- 


i.ud  View,  Cylinders  on  Row  2 --5. 5  psi 
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limiri.-  B-'"..  Side  View,  Cylinders  on  Row  .'’--5.5  psi 
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Figure  b-'J.  FnJ  View,  Cylinders  on  Row  2--10.2  psi 
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FiRnre  B-10.  Side  View,  Cylinders  on  Row  2--10.2  psi 
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Figure  B-14.  F.nd  and  Side  Views,  Cylinders  on  Row  3--10.0  psi 
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Figure  B-16.  End  and  Side  Views,  Cylinders  on  Row  5-- 10. 2  psi 
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Figure  B-18.  Side  View, 


FRAME  NUMBER  TIME.  MSEC. 


Cylinders  on  Row  5 — 20.2  psi 
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Figure  C-2.  Camera  2,  Side  View  Model  42 — 5  psi 
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Figure  C-3,  Camera  1,  Side  View  Model  42--10  psi 
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Figure  C-4.  Continued 
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Table  D-I.  Input  Parameters  for  RIPPLE  Code  Predict ions --Model 

Input  shock  pressure,  10  psi 
Shock  density,  0.00  3349  slugs/ft^ 

Shock  particle  speed,  456.4  ft/sec 
Shock  temperature,  159.4.'>®F 
Shock  sound  speed,  1219.3  ft/sec 
Ambient  pressure,  14.7  psi 
Ambient  termperature,  72“F 
Ambient  sound  speed,  1129.9  ft/sec 
Ambient  density  of  air,  0.002521  slugs/ft^ 

Ambient  air  speed,  0. Oft/sec 

Notes — 1.  Model  was  assumec  to  be  two-dimensional  for  purpose  of 
RIPPLE  predictions. 

2.  Angle  of  flow  is  positive  in  upper  quadrants  and  negative 
in  lower  quadrants. 


3.  Time  equals  zero  at  room  side  of  entrance. 
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figure  D-5.  Velocity  Field  at  2.81  ■illiseconds 
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Figure  D-6.  Velocity  Field  at  3.55  Billiseconds 
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Figure  D-7.  Velocity  Field  at  4.03  milliseconds 
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Figuie  D-9.  Velocity  Field  at  4.97  ailliseconds 
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Figure  D-10.  Velocity  Field  at  5.65  Milliseconds 
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Figure  D-11.  Velocity  Field  at  6.09  Billiseconds 
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Figure  D-12.  Velocity  Field  at  7.52  ■illiseconds 
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Figure  D-13.  Velocity  Field  at  7.95  Milliseconds 
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Figure  D-14.  Velocity  Field  at  8.59  ailliseconds 
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Parameters  Preticted  by  RIPPLE  Code-Model  40 
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Predicted  by  RIPPLE  Code-Model  40  (Continued) 
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Parameters  Predicted  by  RIPPLE  Code-M 
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Table  D-II.  Plow  Parameters  Predicted  by  RIPPLE  Code-Model  40  (Continued) 
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Parameters  Predicted  by  RIPPLE  Code-Model  40 (Continued) 

I  Dynamic 
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TABLE  E-I.  Input  Parameters  for  RIPPLE  Code  PreJi ;t ions -Model  42 


Input  shock  pressure,  10  psi 
Shock  density,  0.003349  slugs/ft^ 

Shock  particle  speed,  436.4  ft/sec 

Shock  temperature,  1S9.S*F 

Shock  sound  speed,  1219.3  ft/sec 

Ambient  pressure,  14.7  psi 

Ambient  ten^jerature,  72*F 

Ambient  sound  speed,  1129.9  ft/sec 

Ambient  density  of  air,  0.002321  slug/ft^ 

Aa^ient  air  speed,  0.0  ft/sec 

Notes-1.  Model  42  was  assumed  to  be  two  dimensional  for  RIPPLE 
predictions.  Also,  stairway  door  opening  was  changed  to  6  inches, 
instead  of  5  inches,  for  code  use. 

2.  Constant  coefficient  of  drag  assumed  to  be  0.5  for  cylinders. 

3.  Angle  of  flow  is  positive  in  upper  quadrants  and  negative  in 
lower  quadrants. 


4.  Time  equals  zero  at  exit  of  second  (stairway)  opening. 
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Practiv  fip  Mmk 


COMPlfTATIONAL  GRID 


Nicrijer  of  columnr.  =  ^<5 


I 

DELTA  X  (ft) 

X  (ft) 

1 

11.4n'-)240000 

11.4952400.)n 

2 

4.929290000 

16.424530000 

3 

2.113734000 

18.538264000 

.906393000 

19.444657000 

5 

.353671500 

19.333328500 

6 

. 166666700 

19.999995200 

7 

.166666700 

20.166661900 

8 

.166666700 

20.333328600 

Q 

.166666700 

20.499995300 

10 

.166666700 

20.666662000 

11 

.166666700 

20.833328700 

12 

.166666700 

20,999995^100 

13 

.166666700 

21.16^62100 

1^1 

•I66666700 

21.333323800 

15 

.166666700 

21.499995500 

16 

.166666700 

21.666662200 

17 

.166666700 

21.833328900 

13 

.166666700 

21.999995600 

19 

.166666700 

22.166662300 

20 

.166666700 

22.333329000 

a 

.166666700 

22.4999957 lO 

22 

.166666700 

22,666662400 

23 

.166666700 

22.833329100 

2iJ 

.166666700 

22.999995800 

25 

.166666700 

23.166662500 

26 

.166666700 

23.333329200 

27 

.166666700 

23.499995900 

23 

,166666700 

23.66CC62600 

29 

.166666700 

23.833329300 

30 

.166666700 

23.999996000 

31 

,166666700 

24.166662700 

32 

,166666700 

24.333329400 

33 

.166666700 

24.499996100 

3^ 

,166666700 

24.666662800 

35 

.166666700 

24.833329500 

36 

,166666700 

24.999996200 

37 

,166666700 

25.166662900 

38 

,166666700 

25.333329600 

39 

,166666700 

25.499996300 

^iO 

,166666700 

25.666663C/JO 

A1 

,166666700 

25.833329700 

42 

,498822500 

26.332152200 

43 

1,492944000 

27.825096200 

44 

4,468284000 

32,293380200 

45 

13.373280000 

45.666660200 

Table  E~1  (Continued) 
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Y  (ft) 


of  rows  =  83 


KiLTA  Y  (ft) 


1 

2 
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ij 
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liJ 
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21 
22 
23 

2ii 

25 

26 
2? 
28 

29 

30 

31 

32 

33 
3^ 

35 

36 

37 

38 

39 
^0 


1.520371000 

1.103037000 

.808606100 

.539602600 

.^*290li4ioo 

.313i«75800 

.228573800 

.166666700 

.166656700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.I66G66700 

.166666700 

•I66666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.166666700 

.1666^700 

.166666700 

.166666700 

.166666700 

•1666^700 


1.520871000 

2.629828000 

3.^3Sn3iil00 

023036700 

^57950800 

'l.771'«266no 

5.000000^100 

5.166667100 

5.333333800 

5.500000500 

5.666667200 

5.833333900 

6.000000600 

6.166667300 

6.33333^4000 

6.500000700 

6.666667^00 

6.83333^100 

7.ooo.oonv8oo 

7.166667500 

7.33333^4200 

7.500000900 

7.666667600 
7.83333^300 
3.000001000 
8.166667700 
8.33333^^00 
8.500001100 
8.666667800 
3. 83333^4500 
9.000001200 
9.166667900 

9.33333^600 

9.500001300 

9.666668000 

9.833334700 

10.000001400 

10.166668100 

10.333334800 

10.500001500 


Table  E-I  (Continued) 
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V 


J 

DELTA  Y  (ft) 

*11 

,166666700 

'12 

,166666700 

*13 

,166666*^00 

*1*1 

.166666700 

*15 

,166666700 

•lu 

.166666700 

*17 

.16(>666700 

*iS 

.166666700 

*»9 

.166666700 
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.166666700 

.166666700 

52 
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*33 

. 166666700 

5*1 

.166666700 

55 
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56 

,166666700 

57 

,10661  >6700 
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,166666700 

59 

,166666700 

60 

• 166666700 

61 

,166666700 

62 

,166666700 

63 

,166666700 

6*1 

,166666700 

65 

,165666700 

66 

,166666700 

6? 

.166666700 

68 

.166666700 

69 

.166666700 

70 

.166666700 

71 

.166666700 

72 

.166666700 

73 

,166666700 

7*1 

.166666700 

75 

.166666700 

76 

,166666700 

77 

,166666700 

73 

•166665700 

79 

.166666700 

80 

.166666700 

81 

.166666700 

82 

.166666700 

83 

,166666700 

tJible  E-!  (Continued 


Y  (ft^ 

y).(.GGC,()\,2m 
10.8^33V»900 
11.000001600 
11 . 166668300 
11.33383r>000 
11.500001700 
11.666668^)00 
11.833335100 

12.000001800 

12.166668500 

12.333335200 

12.500001900 

I2.66666B600 

12.333335300 

13.000002000 

13.166668700 

13.333335*100 

13.500002100 

13.6666()3800 

13.833335500 

1*L 000002200 
1*1.166668900 
1*1.333335600 

1*1.500002300 

1*1.666669000 

1*1.833335700 

15.000002*100 

15.166669100 

15.333335800 

15.500002500 

15.666669200 

15.833335900 

16.000002600 

16.166669300 

16.333336000 

16.500002700 
16.66666 9*100 
16.833336100 
17.000002800 

17.166669500 

17.333336200 

17.500002900 

17.666669600 
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Table  E-II  Flow  ’’arameters 

Tinie  Cell  No. 

”sec  -x  y 

for  RIPPLE  Code 

Air  Speed,  yx 
ft/sec 

rredictions  -  Model 

Air  Speed, 
ft/sec 

1.10  8  24 

-19.5 

55.8 

36 

-  .1 

.1 

48 

.0 

.0 

(>6 

.0 

.0 

13  78 

.0 

.0 

15  24 

-47.7 

59.5 

36 

-  1.1 

3.8 

48 

.0 

.0 

66 

.0 

.0 

18  24 

1.8 

122.4 

36 

.0 

6.4 

48 

.0 

.0 

66 

.0 

.0 

24  24 

51.7 

40.0 

36 

.7 

1.1 

48 

.0 

.0 

66 

.0 

.0 

32  24 

7.4 

3.7 

36 

.0 

.0 

48 

.0 

.0 

66 

.0 

.0 

36  18 

4.8 

.6 

78 

.0 

.0 

2.07  8  24 

23.4 

158.6 

36 

-6.2 

21.2 

48 

.0 

.0 

66 

.0 

.0 

13  78 

.0 

.0 

I 

I 

i 
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Time 

msec 

Table 

Cell  No. 

_ L_ 

E-II  (Continued) 

Air  Speed,  ux 
ft/sec 

Air  Speed, uy 
ft/sec 

15  24 

-12.8 

88.6 

36 

-12.8 

31.6 

48 

-  .1 

.3 

66 

.0 

.0 

18  24 

35.5 

137.9 

36 

.2 

60.8 

48 

.0 

.4 

66 

.0 

.0 

24  24 

55.2 

32.5 

36 

14.7 

31.2 

48 

.1 

.1 

66 

.0 

.0 

32  24 

39.4 

14,2 

36 

2.8 

2.9 

48 

r 

*  •J 

.0 

66 

.0 

.0 

36  18 

33.0 

4.2 

78 

.0 

.0 

.03 

8  24 

47.0 

198.6 

36 

10.3 

117.9 

48 

.9 

55.6 

66 

.0 

.0 

13  78 

.0 

.0 

15  24 

49.4 

65.9 

36 

49.8 

119.1 

48 

-  2.1 

26.1 

66 

.0 

.0 

18  24 

95.9 

255,4 

36 

62.3 

109.7 

48 

1.1 

47.6 

66 

.0 

.n 
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Table  E-II  (Continued) 


Air  Speed, uy 
ft/sec 


Time 

msec 


6.96 


Cell  No.  Air  Speed,  wx 

X  y  ft/sec 


24  24 

145.9 

27.3 

36 

45.4 

55.1 

48 

7.5 

31.8 

66 

.0 

.0 

32  24 

46.1 

16.1 

36 

25.6 

23.8 

48 

iO.l 

14.8 

66 

.0 

.0 

36  18 

16.5 

6.0 

78 

.0 

.0 

8  24 

83.6 

338.0 

36 

17.0 

141.5 

48 

5.1 

93.0 

66 

3.9 

65.2 

13  78 

-  .1 

4.4 

15  24 

94.5 

34.6 

36 

47.0 

100.6 

42 

29.0 

86. 9 

66 

11.5 

54.1 

18  24 

116.9 

225.6 

36 

48.7 

116.7 

48 

37.3 

85.8 

66 

13.5 

55.4 

24  24 

149.3 

40.3 

36 

74.5 

79.5 

48 

46.3 

75.7 

66 

9.6 

33.9 
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Table  E-II  (Continued) 


Time 

3. 

Air  Speed,  yx 

Air  Speed, 

msec 

y 

ft/sec 

ft/sec 

10.75 

8 

24 

76.9 

515.3 

36 

44.5 

232.3 

48 

7.0 

130.4 

66 

.6 

o9.2 

13 

78 

13.1 

8.3 

15 

24 

-5.7 

-55.4 

36 

57.4 

91.5 

48 

20.0 

107.5 

66 

3.7 

73.1 

18 

24 

149.2 

274.6 

36 

35.8 

107.6 

48 

15.4 

104.8 

66 

7.8 

70.8 

24 

24 

115.8 

26.8 

36 

49.8 

93.4 

48 

12.9 

93.5 

66 

11.3 

71.8 

32 

24 

33.9 

-9.9 

36 

23.1 

51.4 

48 

6.7 

77.1 

66 

-5.0 

82.7 

36 

18 

-7.6 

-14.7 

78 

19.2 

48.0 

12.55 

8 

24 

47.8 

545.1 

36 

61.9 

293.9 

48 

8.0 

147.6 

66 

3.9 

45.3 

13 

78 

.4 

14.6 
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Table  E-11  (Continued) 


Cell  No. 

_ L. 

Air  Speed,  px 
ft/sec 

Air  Speed,  yy 
ft/sec 

18  24 

90.9 

322.7 

36 

79.3 

77.6 

48 

37.4 

66.8 

66 

.5 

37.1 

24 

52.4 

-22.3 

36 

75.5 

72.9 

48 

38.1 

65.8 

66 

5.8 

26.6 

24 

28.5 

-33.4 

36 

39.4 

26.4 

48 

25.3 

49.1 

66 

-1.9 

2.9 

18 

-15.0 

-22.1 

78 

-  8.8 

2.8 

8  24 

-11.6 

497.1 

36 

83.0 

383.6 

48 

24.7 

130.0 

66 

1.7 

49.7 

13  78 

-15.6 

12.3 

15  24 

-77.2 

41.7 

36 

75.2 

12.4 

48 

60.2 

61.2 

66 

5.7 

42.7 

18  24 

84.0 

309.2 

36 

89.1 

80.4 

48 

54.6 

44.4 

66 

2.2 

31.1 

24  24 

35.2 

-26.0 

36 

89.7 

54.8 

48 

47.4 

39.1 

66 

-2.9 

14.5 

1.39 
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SHOCK 
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2ERO  TIME  IS  TAKEN 
AS  SHOCK  FRONT  EXITS 


VECTOR  SCALE  X.  CELLS  lERO  TIME  IS  TAKEN 

—  436.4  FT/SEC  AS  SHOCK  FRONT  EXIT 

VELOC I TY  F I  ELD^**°**  entrance 

TinE-  -2.49  fllLLISEC  CYCLE  0 

Figure  E-1.  Velocity  Field  at  ~2.S  milliseconds 
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X.  CELLS 


VELOCITY  FIELD 

TinE*  2.07  niLLISEC  CYCLE  iOQ 

Figure  E-2.  Velocity  Field  at  2.1  Billiseconds 
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X,  CELLS 

VELOCITY  FIELD 
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Figure  E-3.  Velocity  Field  at  7.0  ailliseconds 
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APPENDIX  F 

FILL  PRESSURE  AND  MOTICMi  PREDICTIONS  FOR 
CYLINDERS  IN  BASEffiNT  SHELTERS 


1.  FILL-PRESSURE  CURVES 

2.  MOTION  PREDICTIONS  FOR  CYLINDERS 
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CHAnBER  FILL-BRL 


Figure  F-1.  Fill  Prediction  for  Basement  Shelter 
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I'lRure  F-1.  Continued 


Figure  F-l.  Continued 
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Figure  F-2.  Fill  Prediction  for  Basement  Shelter  II 
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F-2.  Continued 
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F-3.  Continued 


CHAMBER  FILL-BRL 


0 

tc 

Ul 


Ul  « 

I H  T 
<n  u.  — 

- 

Z  >(».M 

U  QlfcO. 

Z  ioo£ 

<0‘  m 

a>  'T <0. 


/ 

/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


CHAMBER  FILL-BRL 
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APPENDIX  F 


FILL  PRESSURE  AND  NOTION  PREpiCTIONS  FOR 
ailNOERS  IN  BASEICNT  SHELTERS 


2.  NOTION  PREDICTIONS  FOR  CYLINDERS 
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Table  F-I  Motion  Paraneters  froa  Basement  I 
20x40x8  feet  3  psi,  I-KTT 

150  lb.  cylinder,  15  3/4  in.  dia  x  22  in.  high 


Tine, sec 

Distance, ft 

Velocity,  ft/sec 

Acceleration,  f 

.01000 

.00330 

.00000 

33.06889 

.02000 

.00940 

. 33068 

27.93073 

.03000 

.01783 

.60999 

23.23446 

.04000 

.02815 

.84234 

18.97703 

.05000 

.03998 

1.03211 

15.15568 

.06000 

.05300 

1.18366 

11.76790 

.07000 

.06689 

1.30134 

8.81149 

.08000 

.08141 

1.33946 

6.28449 

.09000 

.09636 

1.45230 

4.18525 

.  10000 

.11155 

1.49415 

2.51235 

.11000 

.12687 

1.51928 

1.26466 

.12000 

.14223 

1.33192 

.44131 

.13000 

.15760 

1.53634 

.04169 

5  psi 


01000 

.00535 

.00000 

58.58312 

02000 

.01675 

.58583 

50. 37350 

03000 

.03192 

1.38956 

42.80134 

040OO 

.05069 

1.51757 

25.86077 

0  5000 

.07240 

1.87618 

29.54644 

06000 

.09651 

2.17165 

23.85345 

07000 

.12248 

2.41018 

18.77739 

00000 

.14990 

2.59796 

14.31434 

09000 

.17835 

2.74110 

10.4608]! 

10000 

.20753 

2.84571 

7.21381 

11000 

.23717 

2.91785 

4.57075 

12000 

.26706 

2.96355 

2.52954 

13000 

.29705 

2.98885 

1.08851 

14000 

.32707 

2.99973 

.24643 

15000 

.35710 

3.00220 

.00253 

10  psi 


01000 

.01823 

.00000 

182.32147 

02000 

.05223 

1.82321 

157.71715 

03000 

.09977 

3.40033 

135.33088 

04  000 

.15881 

4.75369 

115.05038 

05000 

.22753 

5.90419 

96.76901 

06000 

.30429 

6.87188 

80.38531 

07000 

.38762 

7.67574 

65.30247 

08000 

.47625 

8.33376 

52.92788 

09000 

.56905 

8.86304 

41.67275 

10000 

.66505 

9.27977 

31.95169 

11000 

.76341 

9.59929 

23.68235 

120OO 

.86345 

9.33611 

16.78513 

13000 

.964C0 

10.00396 

11.18285 

14000 

1.06644 

^0.11579 

6.80045 

15000 

1,16864 

10. 18379 

3.56475 

16000 

1.27057 

10.2194.. 

1.40421 

17000 

1.37333 

10.23348 

.24867 

18000 

1,47569 

10.23597 

.02917 

PneiflBt  ME*  Muk 
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Table  F-I  (continue 


15  psi 


Time, sec 

Distance,  ft 

Velocity,  ft/sec 

.02000 

.08608 

3.00074 

.04000 

.26244 

7.85592 

.06000 

.50441 

11.41326 

.08000 

.79215 

13.92155 

.10000 

1.11008 

15.60098 

.12000 

1.44639 

16.64597 

.14000 

1.79258 

17.22751 

.16000 

2.14305 

17.49491 

.18000 

2.49466 

17.57714 

20  psi 


.02000 

.11347 

3.95514 

.04000 

.34614 

10.36081 

.06000 

.66580 

15.07087 

.03000 

1.04665 

18.41621 

.10000 

1.46847 

20.68548 

.120C0 

1.91589 

22.13006 

.14000 

2.37776 

22.96779 

.16000 

2.84650 

23.38593 

.18000 

3.31760 

23.54327 

.20000 

3.78903 

23.57170 

Acceleration , ft/sec 


260.65863 

192.46389 

137.08822 

93.05949 

59.05867 

33.88793 

16.44413 

5.69661 

.66863 


343.72756 

254.52475 

182.42912 

125.26097 

81.10125 

48.23316 

25.09488 

10.24088 

2.31027 

.00068 


Table  F-II  Mc*tion  Paranteters  From  Basement  II 


Time, sec 

30x60x8  ft 

15  3/4  in.  dia 

Distance,  ft 

3  psi,  1  MT 

X  27  in.  high 

Velocity,  ft/sec 

*> 

Acceleration,  ft/sec“ 

,02000 

.01318 

.00000 

32.96207 

.  04 000 

.03748 

.65924 

27.78210 

,06000 

.07100 

1.21488 

23.06139 

,  08000 

.11204 

1.67611 

18.79370 

,  10000 

.15907 

2.05198 

14.97340 

,  12000 

.21074 

2.35145 

11.59546 

14000 

.26587 

2.58336 

8.65542 

,  IfiOOO 

1  ::ooo 

.32345 

2.75647 

6.14939 

. 38267 

2.37945 

4.07405 

,  20000 

.44286 

2.96094 

2.42660 

,  22000 

.50353 

3.00947 

1 .20481 

24  000 

.56437 

3.03356 

.40696 

26000 

.62522 

3.04170 

.03186 

5  psi 


02000 

.02333 

.00000 

56.33863 

04  000 

.06668 

1.16677 

50.02485 

06000 

.12698 

2.16726 

42.38618 

osooo 

.20144 

3.01499 

35.41051 

lonoo 

,28754 

3.72320 

29.08682 

1200  ) 

.38300 

4.30494 

23.40517 

14000 

.48580 

4.77304 

18.35663 

16000 

.504I8 

5.14017 

13.93331 

IGOOO 

.70661 

5.41884 

10.12823 

20000 

.82181 

5.62140 

6.93543 

22000 

.93875 

5.76011 

4.34982 

24000 

1.05664 

5.84711 

2.36727 

26000 

1.17492 

5.89445 

.98452 

28000 

1.29329 

5.91414 

.19921 

30000 

1.41165 

5.91813 

.00986 
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Table  F-II.  Motion  Parameters  from  Basement  II  (continued) 


Time, sec 

Distance,  ft 

10  psi 

Velocity,  ft/sec 

Acceleration, ft /sec 

.04000 

.20785 

3.63375 

156.2657C 

.08000 

.62995 

9.42556 

112. 7020U 

.12000 

1.20367 

13.56455 

77.82372 

.16000 

1.87938 

16.38708 

50.56671 

.20000 

2.61892 

18.18852 

30.01539 

.24000 

3.39423 

19.22884 

15.37043 

.28000 

4.18608 

19.73702 

5.92275 

.32000 

4.98306 

19.91439 

1.03242 

. 36000 

5.78060 

19.93725 

.11112 

15  psi 

.04u00 

.34186 

5.98326 

256.33425 

.08000 

1.03421 

15.47033 

183.85524 

.12000 

1.97360 

22.21770 

126.69671 

.16000 

3.07921 

26.81436 

82.58583 

.20000 

4.28956 

29.76247 

49.62901 

.24000 

5.55971 

31.49148 

26.21704 

.28000 

6.85884 

32.36876 

10.95217 

.32000 

8.16817 

32.70744 

2.59120 

.36000 

9.47906 

32.77210 

.00043 

20  psi 

.04000 

.44576 

7.82215 

332.18849 

.08000 

1.34205 

20.06684 

234.04322 

.12000 

2.55016 

28.62006 

158.26901 

. 16000 

3.96403 

34.33637 

101.04585 

.20000 

5.50475 

37.92530 

59.27491 

.24000 

7.11603 

39.97803 

30.37620 

.28000 

8.76035 

40.98660 

12.13920 

. 32000 

10.41569 

41.35740 

2.61057 

. 36000 

12.07251 

41.42062 

.00830 
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Table  F-III.  Motion  Parameters  from  Basement  III 


40  X  80  X  8  ft  3  psi  l-MT 


156  lb  cylinder  15  5/4  in.  dia  x  22  in.  high 


Time, sec 

Distance, ft 

Velocity,  ft/sec 

Acceleration, 

.05000 

.07506 

.00000 

30.02556 

.  10000 

.20699 

^ .50127 

22.74741 

. 1 5000 

.38024 

2.63864 

16.52744 

.  2  000f? 

.38183 

3.46502 

11.33339 

.25000 

.80126 

4.03171 

7.14029 

. 30000 

1.03051 

4.38873 

3.92514 

. 35000 

1.26394 

4.58498 

1.67174 

.40000 

1.49829 

4.66857 

. 36797 

.45000 

1 .73266 

4.68697 

.00618 

5  psi 


0  5000 

.13368 

.00000 

53.47493 

1  0000 

. 37155 

2.67374 

41.67223 

I  5000 

.68804 

4.75735 

31.44991 

)  0 

1.06140 

6.32985 

22.74520 

2  5000 

1.47352 

7.46711 

15.50506 

30000 

1.90985 

8.24237 

9.68552 

3  soon 

2.35931 

8.72664 

5.25114 

4  0  0  0  0 

2.81421 

8.98920 

2.17452 

450OO 

3.27019 

9.09792 

.43598 

So.or-o 

3. '72624 

9.11972 

.02328 

10  psi 


050nn 

.40307 

.00000 

Ibl. 23126 

]  0000 

1  .11013 

8.06156 

121.59332 

1  3000 

2.03990 

14.14122 

89.08309 

20000 

3.12666 

18.59538 

62.79678 

25000 

4.31836 

21.73522 

41.97514 

300  00 

5.57500 

23.83398 

25.97286 

3  5000 

6.86721 

25.13262 

14.23441 

40000 

8.17512 

25.84434 

6.27488 

A  5000 

9.48718 

26.15808 

1.66452 

Snooo 

10.79929 

26.24131 

.01602 

Table  F-III.  (continued) 


15  psi 


Time ,sec 

Distance, ft 

Velocity,  ft/sec 

Acceleration, 

.05000 

.66709 

.00000 

266.83608 

.10000 

1.83373 

13.34180 

199.82120 

.15000 

3.36488 

23.33286 

145.80351 

.20000 

5.15294 

30.62304 

102.76192 

.25000 

7.11365 

35.76113 

69.06240 

.30000 

9.18277 

39.21425 

43.36205 

.35000 

11.31323 

41.38235 

24.53778 

.40000 

13.47277 

42.60924 

11.63202 

.45000 

15.64184 

43.19085 

3.81099 

.50000 

17.81174 

43.38139 

.33182 

20  psi 


.05000 

.87918 

.00000 

351.67256 

.10000 

2.41319 

17.58362 

261.93307 

.15000 

4.42373 

30.68028 

190.60935 

.20000 

6.77034 

40.21074 

134.43116 

.25000 

9.34405 

46.93230 

90.83629 

.30000 

12.06220 

51.47412 

57.77653 

.35000 

14.86429 

54.36294 

33.57909 

.40.-<00 

17.70850 

56.04190 

16.84543 

.45000 

20.56865 

56.88417 

6.3/587 

.50000 

23.43158 

57.20297 

1.11232 

.55000 

26.29474 

57.25858 

.09408 

Tabic  F-IV.  Motion  Parameters  from  Basement  IV 


70  -  144  X  8  ft.  3  psi  l-MT 

156  lb.  cylinder  15  3/4  in.  dia.  x  22  in.  high 


Time, sec 

Distance, ft 

Velocity, ft/sec 

Acceleration 

.03000 

.08029 

.00000 

32.11617 

. 1 0000 

.22624 

1.60580 

26.26460 

.15000 

.42480 

2.91903 

21.04616 

.20000 

.66447 

3.97134 

16.44067 

.  2500n 

.93522 

4.79338 

12.43046 

.  noor* 

1.22846 

5.41490 

9.00021 

.  J30  '0 

1.53705 

5.86491 

6.13687 

.Aoono 

1.85521 

6.17175 

3.82951 

.A50OO 

2.17655 

6.36323 

2.06928 

. 50000 

2.50401 

6.46669 

.84928 

.55000 

2.82988 

6.50916 

.16456 

. 6000^ 

3.15578 

6.51739 

.01202 

5  psi 


''5000 

.13994 

.00000 

55.97806 

lOOTO 

. 39673 

2.79890 

46.73701 

150no 

.  74958 

5.13575 

38.42488 

.liono  n 

1.17994 

7.05699 

31.00341 

2  5000 

1.67139 

8.60716 

24.43891 

30000 

2.20960 

9.82911 

18.70190 

3  30O0 

2.78223 

10.76421 

13.76683 

4  p  0  0  0 

3.37889 

11.45255 

9.61184 

4  50)') 

3.99109 

11.93314 

6.21856 

50  000 

4.61222 

12.24407 

2.57191 

55000 

5.23751 

12.42266 

1.68001 

6  0  000 

5.86393 

12.50566 

.47400 

6  5000 

6.49047 

12.52936 

.00801 

10  psi 


.  -ijonn 

.40924 

.00000 

163.69790 

.  1  Tonn 

1.15214 

8.18489 

133.46044 

.  1  Sf'TO 

2.16354 

14.85791 

.07.40438 

.20099 

3.38761 

20.22813 

85.06474 

.25000 

4.77670 

24.48137 

66  04462 

. 30000 

6.29093 

27.78360 

50.00295 

.35000 

7.89678 

30.28375 

36.64470 

.4''  >00 

9.56686 

32.115®8 

25.71289 

.4  5«oon 

11.27940 

33. ‘*0163 

16.98199 

.  50090 

13.01756 

34.25073 

10.25255 

,55000 

14.76910 

34.76336 

5.34662 

.60000 

16.52589 

35.03069 

2.10399 

.65000 

18.28364 

35.13589 

.37893 

. 70000 

20.04147 

35.15433 

.03740 

Table  F-IV  (Continued) 
15  psi 


Time, sec 

Distance,  ft 

Velocity,  ft/sec 

Acceleration,  ; 

.05000 

.71836 

.00000 

287.34471 

. 10000 

2.01133 

14.36723 

229.84568 

. 15000 

3.75811 

25.85951 

181.51974 

. 20000 

5.85753 

34.93550 

141.05701 

.  25000 

8.22541 

41.98835 

107.33577 

. 30000 

10.79234 

47.35764 

79.61996 

. 35000 

13.50182 

51.33864 

57.01924 

.40000 

16.30870 

54.18960 

38.95817 

.45000 

19.17783 

56.13751 

24.90220 

. 50000 

22.08293 

57.-S262 

14.38866 

.  55000 

25.00556 

58.10206 

7,01158 

.  60000 

27.93422 

58.45263 

2.40933 

. 65000 

30.86351 

58.57310 

.25457 

.  70000 

33.79342 

58.58583 

.245fc8 

20  psi 


.05000 
.10000 
.15000 
.20000 
.25000 
. 30000 
. 35000 
.40000 
.45000 
.50000 
.55000 
.  60000 
.65000 
.70000 


,93853 

2.61590 

4.86762 

7.55864 

10.57862 

13.83827 

17.26624 

20.80664 

24.41695 

28.06616 

31.73325 

35.40579 

39.07861 

42.7527? 


.00000 

18.77078 

33.54721 

45.03446 

53.82034 

60.39975 

65.19294 

68,55933 

70.80808 

72.20610 

72.98424 

73.34191 

73.45060 

73.45650 


375.41574 

295.52859 

229.74490 

175.71769 

131.58824 

95.86368 

67.32779 

44.97497 

27.96054 

15.55276 

7.15328 

2.17390 

.11801 

.51551 
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